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This year, you'll hear alot of 
claims that “systems’design 
automation has arrived. 


At Mentor Graphics 


we know better. 
And so do our 
customers. 


They preach. We practice. 

Skeptical about “systems” elec- 
tronic design automation? 

You should be. Because in many 
cases, it’s a triumph of form over 
content. In the end, there’s only one 
practical yardstick for evaluating a 
systems design solution. And that’s 
how many successful products it has 
produced. 

Apply this measure and the field 
narrows dramatically. Essentially, 
down to a single vendor. 

Mentor Graphics. 

For over five years, our customers 
have been turning out sophisticated 
board products with our EDA tool 
set. 

Test their claims. 

Here are some interesting (and 
essential) questions that you should 
ask any potential EDA vendor: 

Does your tool set have a common 


database and user interface? 

Does it extend from design 
) definition through to PCB 
layout and output to manufacturing? 

Do you have more ASIC libraries 
supported on your workstation than 
any other EDA vendor? Can you 
include ASICs in board simulations? 

Are your tools capable of manag- 
ing over 1000-page product docu- 
mentation projects from start to 
finish? 

Have you integrated mechanical 
packaging and analysis into the elec- 
tronic design and layout process? 

Anything less than a perfect score 
is a total loss. And a perfect score 
does not mean just a check in every 
box. Each item must be backed with 
the production-proven performance 
only Mentor Graphics can provide. 
Experience makes the 
difference. 

When we speak 
about systems de- 
sign automation, we 
speak from experi- 
ence. We have the 
largest customer 
base in the elec- 
tronic design auto- 
mation industry. = Sl 
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This 32-bit 
processor board 
was designed and 
simulated on : 
Mentor Graphics 
workstations by 
Sequent Com- 
puter Systems for 
its multi-pro- 
cessor Symmetry 
computer system. 
It contains over 
175 IC compo- 
nents including 
80386 pro- 
cessors, a 14,000- 
gate standard cell 
and two 10,000- 
gate arrays. 


reason. Over 70% are repeat cus- 
tomers who've realized genuine 
value added from our products and 
seek to expand their competitive 
advantage. 

It’s all part of a vision unique to 
Mentor Graphics, the leader in elec- 
tronic design automation. Let us 
show you where this vision 

can take you. 

Call us toll-free for an 
overview brochure and the 
number of your nearest 
sales office. 

Phone 1-800-547-7390. 
(In Oregon, call 
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The VME Volksclosure. 
$995. Ready to Run. 


Finally. The economies of mass production catch up 


with VME and Multibus Il enclosures. 


Introducing the Volksclosure, Electronic Solutions’ 
economy model enclosure with turbo performance. All 
you do is add cards and peripherals for a complete, 


attractive desktop computer. 

With the Volksclosure (also known 
as our Model One) everything comes 
standard: six VME or Multibus II slots, 
space for three half-height 5/4” disk 
drives, and a high-performance 
six-layer backplane all in a highly 
tooled enclosure with our handsome 
front panel that hides those ugly 
connectors and cables. 


We'll FAX you the facts 


Want the latest data in a hurry? Nothing is faster 
exe than Electronic Solutions’ new ‘‘FAX the FACTS’ 
REQUESTED INEORNATION hs program. If you have a FAX machine, just call our 
pea =ne “800"' number, give us your FAX number and 


coe 2 #85 type of FAX machine, and the information you 
—<—— 


need from us. We'll FAX it to you immediately. 


You do get a choice between two multiple-output power 
supplies: 190 Watts with 19A at + 5V or 270 Watts with 
30A at + 5V. You can also choose a J2 backplane for VME 
extended addressing or iLBX II for a Multibus Il system. 

Most important, while the Volksclosure costs less, you 


don't get less. It fully reflects Electronic 
Solutions’ commitment to quality and 
performance. For example, RS YE 4. 


itmeets UL and CSA ts 

safety standards and iB : 
FCC Class A EMI/RFI a 
specs to the letter. “a RR + 


The New Volksclosure. How 
to get alot more mileage from your 
packaging budget. Call right now 
for complete details. 


Electronic 


ZERO e 
Solutions 


UNIT OF ZERO CORPORATION 


6790 Flanders Drive, San Diego, CA 92121 - (619) 452-9333 Telex |I(TWX): 910-335-1169 


Call Toll Free: (800)854-7086 In Calif: (800)772-7086 
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Today, this memory card will 
travel 15,000 miles, perform ma 


data collection, transfer data yy 


to a central data file and... 


safely away for the night. 


Now, with Mitsubishi’s 
transportable memory 
cards, you can have the 
flexibility of carrying 32K 
Bytes to 2M Bytes of 
SRAM, OTPROM or 
masked ROM in your 
pocket. That means read/ 
write capability (without a 
disk drive), remote from 
central data storage, plus 
the flexibility to inter- 
change memory types 
(SRAM, OTPROM, masked ROM), upgrade and downgrade 
memory density, and change data width (8 bits, 16 bits). All 
with an extremely rugged device that’s the size of a credit card 
(86mm x 54mm x 3.4mm). 


The Applications Are Virtually Endless. 

From personal computers to printers, portable equipment to 
telecommunications, the applications are as creative and end- 
less as the imagination. Anywhere transportable memory and 
massive data storage are required, Mitsubishi’s transportable 
cards offer the highest memory densities available on a device 
this small. 


Save On Systems Design Costs. 

Mitsubishi’s transportable memory cards offer standardized 
card connectors and pin assignments for easy memory inter- 
change and density upgrade, without designing multiple host 
system models. Plus, future system redesign is simplified or 
eliminated. 


MELCARD 
MITSUBISHI 


do it all before being tucked 


/ 
j 


vA 


Extremely High 
Density Memory. 
The key to Mitsu- 
bishi’s extremely high 

density memory 
cards is the VSOP 
(very-small-outline- 
package). Pioneered 
by Mitsubishi, the 
VSOP is over four 
times smaller (in 
overall volume) than 
its equivalent pin 
count, standard surface mount package. In fact, the VSOP is 
smaller than the footprint of the equivalent chip-on-board 
technology making it possjble to pack up to 16 memory ICs, 
plus standard interface circuitry on one card. 


13.8 mm x 8.0 mm x 1.0 mm = 110.4 mm 


Chip-On-Board 


15.4 mm x 9.8 mm x 1.0 mm = 150.9 mm’ 


SOP 


17.5 mm x 12.2 mm x 2.2 mm = 469.7 mm 


“Transportable” Means “Rugged.” 

Mitsubishi designed its memory cards specifically for trans- 
portable applications. And, that means cards that are rugged 
and reliable. Even if a card is dropped, loss of valuable data is 
virtually eliminated, due to Mitsubishi’s flexible, four-layer 
PCB and enhanced soldering techniques. 

Additionally, the cards are ESD protected to 25K volts, with 
connectors guaranteed for 10,000 insertions. 

If you want to design-in massive, transportable data storage 
with the flexibility to interchange memory types and densities, 
Mitsubishi memory cards give you the maximum memory 
mileage. For more information call or write today: Mitsubishi 
Electronics America, Inc., Semiconductor Division, 1050 East 


Arques Avenue, Sunnyvale, CA 94086. (408) 730-5900. 


MITSUBISHI 
ELECTRONICS 


Quality Through Commitment. 


Regional Offices: SOUTH CENTRAL, Carrollton, TX (214) 484-1919 | NEW ENGLAND, Woburn, MA (617) 938-1220 
NORTHWEST, Sunnyvale, CA (408) 730-5900 NORTHERN, Minnetonka, MN (612) 938-7779 MID-ATLANTIC, Piscataway, NJ (201) 981-1001 
SOUTHWEST, Torrance, CA (213) 515-3993 NORTH CENTRAL, Mt. Prospect, IL (312) 298-9223 SOUTH ATLANTIC, Norcross, GA (404) 368-4850 
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The Best Tools 


Now Experience Electronic Design 
As It Was Meant To Be With 

The New Digital VAXstation™ 3000 
Series, And The Full Line Of Valid 
CAE/CAD Software. 

From Digital Equipment Corpora- 
tion and Valid comes the ideal combination for Electronic 
Design Automation. A dynamic system you need to tackle 
todays critical design demands. 


It all begins with the powerful new VAXstation 3000 


Series of workstations from Digital. The VAXstation 3000 


offers you incredible performance and high-speed graphics 
in a pe ackage suited perfectly for Electronic Design. 

Next comes the full line of Valid state-of-the-art soft- 
ware to address even your toughest Design needs. Included 
are tools for digital and analog design and analysis. As well 
as design and analysis for ICs and PCBs. Plus documentation 
and links to test, and mechanical CAE. 

Digital and Valid are able to bring you this synergy 
through the use of industry standards. Like the Ethernet™ 
network with DECnet™ TCP/IP protocols, which let your 
entire design team work together in unison. And VMS™ 
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PEN nT eC NEES 


For The Job. 


operating system that allows Valid software to run on all 
VAxstations and VAX computers. 
Working together makes the difference. 

Digital and Valid products work cooperatively to 
ensure that your people can work more productively, more 
creatively, and more efficiently This offers you the benefits 
of a customized solution that integrates applications, hard- 
ware, networking, and support services — providing you 
with a key competitive edge in meeting your engineering 
design needs. The right people with the right tools working 
together. Digital, Valid, and You. 


To find out how Electronic Design was truly meant to 
be with customized application, hardware, networking and 
support services from industry leaders, call 1-800-821-9441 
(outside CA), or 408-432-9400 ext. 2311 (inside CA), or your 
nearest Digital or Valid Sales Office. 


TM Cooperative 
Marketing 
Program 


© 1988 Valid Logic Systems, Digital Equipment Corporation. Valid is a trademark of Valid Logic Systems. Digital logo, VAXstation. 
et are trademarks of Digital Equipment Corporation. Other brands or product names are trademarks of 


their respective holders 
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42000 dhrystones with a single 
32-bit RISC chip. Sustained. Seventeen 
MIPS. Real world MIPS. 25Mhz clock 
soeed. Fifty MIPS by 199]. Blazing 
fast even with low- 
cost memory. 


5x the system throughput of the 
68030. 2x the 80960 at half the sys- 
fem cost. In CMOS. On the shelf. Now. 


Advanced Micro Devices’ 29K. 
The next platform. 


Call t ts a oe a (ean oa ‘a on mpson Place, PO. Box 3453, Sunnyvale, CA 94088. 
ark oe aes oad Mier see ic. © phe seta Micro Devices, Inc. 1988. 1 
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WRITING MICROCODE 
ISN’T CHILD'S PLAY... 


The speed and flexibility 
available from microcode architec- 
tures carry a price which must be 
paid by designers—complexity. But 
even complexity can be moderated 
with the right tools, and HILEVEL 
has them. 

We've designed an array of 
microcode development systems 
and software to suit projects 
ranging from simple device con- 
trollers to complex real-time radar 
processors. 

Write your programs in C using 
our new, reconfigurable cross- 
compiler, or use our meta-assembler 


But We Just Made It 
| A Whole Lot Easier! 


to write time-critical programs in 
assembly code. Modules from either 
can be linked together, and there is 
a comprehensive source code 
editor and disassembler to simplify 
integration and debugging. 

To support your hardware, we 
offer the only control-store 
emulator with memory in its pods. 
This dramatically improves access 
times. But more important, the 
memory configuration is deter- 
mined in software. Now you can 
use this system for a variety of 
projects, with control stores up to 
512 bits x 64K, without replacing 
pods or other hardware. 

You can monitor all critical 
activity up to 256 bits at full speed, 
using the logic state analyzer in the 
development system. And, our per- 
formance measurement features 


will even help you find ways of 
improving your design. 

Don't make your project more 
difficult than it has to be. Call 
HILEVEL today and let us show 
you how writing microcode just 
became easier! 


DIAL TOLL FREE: 
1-800-HILEVEL 
In California, 1-800-541-ASIC 
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At The Leading Edge 
Of Microcode Development 


31 Technology Drive 
Irvine, CA 92718 
(714| 727-2100 
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Apple beats competition 
with 68030-based system 


Despite the hoopla surrounding 
RISC-based processors, expecta- 
tions have been building that Moto- 
rola’s latest generation CISC 
processor will begin to appear in 
popular personal computer and 
workstation configurations. Steve 
Jobs’ company, Next (Palo Alto, CA), 
is reportedly planning a 68030- 
based workstation for introduction 
at Comdex Fall in November, and 
Sun Microsystems (Mountain View, 
CA) is also rumored to have a sys- 
tem in the works. 

But the first and potentially big- 
gest splash has come from Apple 
Computer (Palo Alto, CA). Apple 
has unleashed the Macintosh IIx, a 
machine built around a 16-MHz 
68030 and a 68882 floating-point 
processor. The new system executes 
most applications about 15 percent 
faster than the older 68020-based 
Macintosh II. Using a NuBus archi- 
tecture much like the Mac II, the IIx 
offers six expansion slots and 4 
Mbytes of on-board RAM. Only time 
will tell how the supercharged Mac 
IIx will fare when competing 
against Unix-based engineerin, 
workstations. Such a direct chal- 
lenge to Sun and Apollo may force 
Apple to face issues regarding oper- 
ating system, networking, system 
support and application software, 
from which the company has been 
shielded in the personal computing 
market.—/ohn Mayer 


Consortium challenges 
the Micro Channel 


A consortium of more than 60 com- 
panies involved in manufacturing 
personal computers, mainframes, 
peripherals and software, including 
such giants as Compaq, Epson 
America, Hewlett-Packard, NEC 
Information Systems, Tandy and 
Zenith, has announced a direct 
challenge to the IBM Personal Sys- 
tem/2 Micro Channel bus. Claiming 
that the Micro Channel hasn't been 
accepted in the PC market, the 
group has made a commitment to 
develop and use a new 32-bit PC bus 
structure, called the Extended 


Industry Standard Architecture, 
or EISA. 

The new bus will provide the ap- 
propriate bandwidth for 32-bit 
CPUs, but will retain compatibility 
with existing PC/AT-bus cards. 
Amid growing concern about IBM 
PS/2 sales, increasing criticism of 
the OS/2 operating system and 
emerging challenges from the 
Macintosh family and 80386-based 
Unix workstations, the announce- 
ment casts grave doubts on IBM’s 
ability to sustain its PS/2 strategy. 
But for the PC option card de- 
veloper, the announcement may 
only add further uncertainty to an 
already risk-laden decision: which 
buses to support, and how many? 
—Ron Wilson 


Motorola and 
Cypress square off 


over new RISC venture 
Motorola Semiconductor (Austin, 
TX) has been granted a temporary 
restraining order that will bar five 
ex-Motorola employees, including 
Roger Ross and four other key mem- 
bers of the 88000 introduction team, 
from participating in the planning 
or development of ‘“‘any semiconduc- 
tor devices,” pending an October 
hearing. The five left Motorola to 
form Ross Technology, a consulting 
firm involved in designs built 
around Sun Microsystems’ Spare 
(Scalable Processor Architecture). 
Cypress Semiconductor (San Jose, 
CA) has provided some funds to Ross 
Technology, and the two companies 
are said to be discussing licensing 
and foundry agreements. 

Motorola’s suit charges that 
Cypress conspired with members of 
the 88000 design and marketing 
teams to bring about the formation 
of Ross Technology. The suit seeks 
to bar the departed employees from 
entering Motorola's area of busi- 
ness, and asks for $8 million in 
damages from the ex-employees and 
Cypress. Following closely on suits 
regarding trade secrets and patent 
infringement from National Semi- 
conductor and Advanced Micro 
Devices, the Motorola action leaves 
Cypress facing three major legal ac- 
tions at once.—Ron Wilson 
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Backing into the future 


With the introduction of the Per- 
sonal System/2 Model 30 286, IBM 
(Armonk, NY) has reentered the AT 
market that it created and then 
abandoned. In April 1987, IBM 
claimed that it was replacing the AT 
architecture with the PS/2 Micro 
Channel bus because it offered ad- 
vanced features such as multi- 
processing and automatic system 
configuration. This move signaled 
the cloners to jump into the lucra- 
tive AT market and offer enhance- 
ments such as 80386 processors and 
increased memory speed, which 
dampened enthusiasm for the PS/2. 

IBM’s ‘‘new” Model 30 286 will be 
based on the Intel 80286 micropro- 
cessor but will use an impressively 
streamlined mother board, thanks 
to a five-chip logic set developed by 
VLSI Technology (San Jose, CA) 
that will reduce the chip count to 
about 17 percent of a standard AT’s 
88 ICs. The 10-MHz system will use 
the DOS 4.0 operating system and 
support up to 16 Mbytes of mem- 
ory.—Michael Donlin 


Laptops offered first 


212-in. Winchester disk drive 


The pieces for low-cost, high- 
performance laptops continue to fall 
into place. Flat-panel display 
manufacturers are finally develop- 
ing displays with high resolutions 
at lower prices. Now a disk drive 
manufacturer is introducing a sig- 
nificant space savings in disk stor- 
age. Prairie Tek (Longmont, CO) 
has unveiled the first 242-in. hard 
disk drive for laptops. Occupying 
just 30 percent of the volume of a 
standard 3¥-in. drive and weighing 
a featherlike 9 oz, the 1-in-high 
Prairie 220 packs 20 Mbytes and an 
AT-compatible or SCSI controller 
into its compact footprint. Average 
seek time is a respectable 28 ms, 
and power consumption averages 
1.5 W. That’s a 25 percent improve- 
ment in power usage over the low- 
profile 3%-in. Winchesters available 
from Conner Peripherals (San Jose, 
CA) and Seagate (Scotts Valley, CA). 
The success of the Prairie Tek 


(continued on page 10) 
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drive will hinge on its ability to hur- 


dle two obstacles: convincing the in- 
dustry to follow the company to the 
new 2%-in. format and making sure 
the drive proves to be reliable. 
Prairie Tek is attempting to address 
the reliability issue with a couple of 
design innovations. A unique ramp- 
loading mechanism ensures that 
during an unintentional power- 
down the disk heads are safely un- 
loaded and locked on the ram 
structure. The design helps elimi- 
nate stiction, a common mode of 
failure for plated media drives. The 
company claims that its drive will 
withstand a 100-g force at 11 msin 
a rea ee environment. Add- 
ing to the drive's reliability is an ac- 
tuator roughly one-half the mass of 
atypical coil actuator ona 34-in. 
drive—John Mayer 


Imaging and neural nets 

to jointly attack 
machine-vision problem 

For years, companies in the image- 
processing arena have tried to solve 
the problem of machine vision, with 
varying and less-than-satisfactory 
results. Imaging systems have been 
very good at enhancing image qual- 
ity and extracting important fea- 
tures for the recognition process. 
But they’ ve failed in establishing 
sets of rules by which objects can be 
recognized, and they’ve generally 
been limited to template-matching 
techniques, which limit the vision 
process to a very small subset of 
problems. 

Now, however, two imaging com- 
panies, Datacube (Peabody, MA) 
and Imaging Technology (Woburn, 
MA), have joined forces with a neu- 
ral network company, Nestor (Provi- 
dence, RI). The Nestor Development 
System neural network software 
can be used to create intelligent 
pattern-recognition systems that 
can learn to recognize images 
presented to them by example 
rather than trying to classify them 
according to a set of rules dictated 
by a programmer. The imaging 
equipment will enhance and filter 
images to present a set of features 
on which the system can base its 
recognition decisions—lom Williams 
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Board maker 
doubles as vendor 
of Micro Channel ASICs 


Forced to design its own application- 
specific IC to overcome the size con- 
straints of its Personal System/2 
board, which is 38 percent smaller 
than the IBM PC AT boards it had 
been designing for several years, 
Data Translation (Marlboro, MA) 
now has decided to market the de- 
vice to other board manufacturers. 
A complete Micro Channel con- 
troller for either memory or I/O 
adapters, this CMOS ASIC also 
helps to overcome the limited power 
that’s available per expansion slot 
for the PS/2. 

The device will support multi- 
function I/O controllers, program- 
mable option select, two DMA 
channels for multifunction inter- 
faces, simultaneous dual controllers 
(either input or output or both), and 
continuous data transfers across 
DMA block boundaries It meets all 
IBM-specified timing and drive 
specifications. Although designed 
for 84-pin plastic leaded chip carrier 
sockets, the ASIC can also be used 
in surface applications so that users 
will be able to inventory only one 
chip for both interface board de- 
signs.—Sydney Shapiro 


IBM to employ 
Next’s user interface 


IBM has reportedly licensed a user 
interface system from Steve Jobs’ 
company, Next (Palo Alto, CA), for 
use on a forthcoming version of the 
RT PC RISC-based Unix worksta- 
tion. The interface software was 
developed by Next for use in its as- 
yet-unfinished 68030-based desktop 
computer, running under the Unix- 
like Mach operating system. IBM 
will presumably use the interface 
design to construct a user-friendly 
front-end for its new RISC worksta- 
tion, which is reportedly taking 
shape under the guidance of RISC 
pioneer John Cocke at the compa- 
ny’s Austin, TX facility. If nothing 
else, the agreement, with its report- 
ed $10 million in licensing fees to 
cash-hungry Next, should temper 
Jobs’ renowned hostility toward 
IBM for a while—Ron Wilson 
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Intel moves Multibus Il 
to system level 


At Buscon East this week, Intel 
(Hillsboro, OR) will introduce an ex- 
tension of its Multibus II board ar- 
chitectural concept for system-level 
architectures The Multibus II Sys- 
tems Architecture (MSA) is intended 
not only to make it easier for 
designers toimplement Multibus II 
board-based systems, but also to 
make the architecture available to 
other vendors for incorporation into 
their boards or firmware. MSA is 
also expected to help overcome the 
multiprocessing overhead burden 
inherent in some complex systems. 

But not to ignore Multibus I, Intel 
will also introduce a second-genera- 
tion series of 16- and 20-MHz, 
80386-based CPU boards, several 
I/O boards, and additional packag- 
ing. In addition, the company will 
introduce a graphics subsystem 
that can be used in a real-time sys- 
tem without degrading system per- 
formance. Intel will also announce 
expanded networking options 
across the company’s entire product 
line —Sydney Shapiro 


Graphics interface 
targets multitasking, 
real-time systems 


Applications developers for mul- 
titasking, real-time systems now 
have a graphics interface based on 
the popular Gem Application Pro- 
gram Interface. Digital Research 
(Monterey, CA) will unite its Gem 
graphics development toolkit with 
its FlexOS real-time target operat- 
ing system to provide sophisticated 
automation graphics for multitask- 
ing systems “We'll do it without 
jeapordizing performance from a 
real-time perspective,’ claims 
Frank Iverson, vice-president for 
worldwide marketing. The multi- 
tasking version of Gem, called 
XGem, will be 100 percent compati- 
ble with existing Gem applications. 
The interface has already been sub- 
mitted to the Open System Founda- 
tion (OSF) for consideration as the 
standard user environment for 
OSF’s Application Environment 
Specification —John Mayer 


The P-CAD 
Software 
That Made 
This Famous 
Laptop 
Computer 

Is Now Made 
‘To Fit Your 
Budget. 


When Zenith Data Systems 
needed to pack power into their 
laptop computers they turned to 
P-CAD*’s Master Designer ™ 
printed circuit board software. 

Why? Because only Master 
Designer was powerful enough 
to meet their tough requirements. 

Today, the same software used 
by Zenith Data Systems and over 
10,000 others is available to PCB 
designers everywhere. Modular 
software that costs about half 
what you’d expect. 


For starters, Master Designer's 
schematic capture and interactive 
layout lets you design using the 
latest through-hole and surface 
mount technologies. 


Master Designer also features 


full forward and back annotation. 


A 6,000 component library 
manager. Automatic placement 
and 100% routing. Extensive 
analog design support. High- 
speed graphics. And more. 

In fact, you'll find it so pro- 
ductive, you’re likely to see 
areturn on your investment 
in 30 days. 
Or less. 


And that’ll help you justify 
even more modules. Such as rip- 
up and re-try routing. Thermal 
analysis. Gerber previewing and 
editing. Analog circuit simula- 
tion. A DXF interface for 
mechanical design and technical 
publications. 

And even though Master 
Designer costs less, it comes with 
our full complement of update 
services and training. Including 
support from over 50 reseller 
locations nationwide. 

No wonder over 100,000 
boards a year are designed wit 
P-CAD software. 

For more information call 
800-523-5207. In California, 
dial 800-628-8748. Or send 
us this coupon and we'll 
mail you a free preview 
copy of our PCB Design 
User’s Guide. Complete 
with a CAD Buyers 
Guide to help you 
select the CAD 
system that’s right 
for you. 

And do it now. 
Because an oppor- 
tunity like this 
doesn’t fall 
in your lap 
every day. 


P-CAD is a registered trade- 
mark and Master Designer is 
a trademark of Personal CAD 
Systems, Inc. 


Send me a free 

preview copy 

of P-CAD’s 

| PCB Design | 
User’s Guide. “= 


, Name 


| Title 


' Company 


Address | 


' City 


| State Zip | 


p-cac PERSONAL CAD ca INC. 


1290 Parkmoor Avenue 
San Jose, California 95126 


800-523-5207 U.S.A. 
In California, 800-628-8748 
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‘The AMP Eurocard. 
Dont leave 


The AMP Eurocard is now manu- specials—are that much closer to 
factured around the world. home, wherever you are. 

So all the benefits you expect In the U.S., for example, 
from AMP—selection, delivery, production covers types C, R, 


B, and Q. Plus half sizes. Plus 
expanded 2 and 3 row specials, 
including our 150-position style. 
You choose the tail configu- 
ration you need—including our —_solderless insertion with standard 
ACTION-PIN compliant pins. “flat rock” tooling. 
Our latest housing design allows AMP Eurocard connectors 
and packaging are designed with 


Available nearby: a variety of 
AMP Eurocard sizes and styles for packaging flexibility 
in DIN 41612 and IEC 603-2 applications. 


AMP and ACTION PIN are trademarks of AMP Incorporated 


Made worldwide. 
home to get it. 


automation in mind, too, with high- 
temp housings, close tolerance tails. 
Position data are identical on through- 
hole and surface-mount housings, for 
easy tooling transition to SMT designs. 
And the support you need to 
take advantage of all this—from 
technical expertise to prototypes, to 
specials, to full systems support— 


is right in place, right around the For characterized backplane 
comer. assemblies, contact AMP Packaging 
For technical information or Systems, Inc., P.O. Box 9044, 


product literature, call 1-800-522-6752. Austin, Texas 78766, (512) 244-5100. 
AMP Incorporated, Harrisburg, PA 
17105-3608. 


ANP interconnecting ideas 
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@ EDITORIAL 


When they work 
together, a 
multitude of 
“little guys”’ can 
have a greater 
impact than any 
one “‘big guy.” 


David Lieberman 
Senior Editor 


L 


IBM takes it on the chin 


I t’s always a tantalizing temptation to applaud an event that’s likely 
to frustrate IBM, the industry giant that invariably attracts a com- 
bination of awe and resentment in virtually everyone who deals with 
them. The revelation on September 13 of a cooperatively developed 
AT-compatible alternative to IBM’s Micro Channel, however, was 
laudable for nobler reasons than for the mere bashing of Big Blue. It’s 
a case of a number of major players in the evolution of personal com- 
puting taking control of their own destinies in a meaningful way. It’s 
also a case of open-architecture computer companies taking the 
open-architecture philosophy seriously—that is, when they work 
together, a multitude of “little guys” can have a greater impact than 
any one “big guy.’ Though, admittedly, the PC AT bus was created by 
Father IBM, the kids are now completely on their own. 

During the last year and a half since Micro Channel first appeared, 
the future of personal computing has been up in the air. With the 
licensing debacle, ongoing delays in OS/2, severe space and power 
constraints and high entry costs, Micro Channel hasn’t had the look 
of a popular platform for tomorrow’s personal machines. On the other 
hand, the AT’s 16-bit data path plus its clumsy multimastering capa- 
bilities and other quirks made it look like a dead end. Vendors using 
the de facto standard 80386 microprocessor for high-end desktop sys- 
tems have had to make due with proprietary solutions to make up for 
the AT’s deficiencies—adding a private memory bus here or a klud- 
gey facility there. The future still floated, unclear and undefined. 

On September 138, Compaq, Hewlett-Packard, Tandy, Zenith, Epson, 
NEC, Olivetti and many others came together to direct the future 
toward an enhanced AT architecture based on the newly defined Ex- 
tended Industry Standard Architecture (EISA) bus. Though, at press 
time, the technical particulars of the EISA weren’t known, its intent 
is clear: to bridge the best of the past and future by blending compati- 
bility with the wealth of available AT boards and the type of high- 
bandwidth multiprocessing capabilities that future systems will de- 
mand. Nearly simultaneously with the EISA announcement, IBM 
announced a new PS/2 model based on what looks remarkably like 
the AT bus and, in fact, uses one of the open-market chip sets. Add 


one more name to the list of cloners. 
(Mued Mathias, 
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CONTROL DATA 
JUST CHANGED 
THE DISK DRIVE 
INDUSTRY 
FOR GOOD. 


Control Data has just 
created a new, separate 
subsidiary calle 
Imprimis Technology 
Incorporated. But you 


can just call us Imprimis. 


It means “‘in the first 
lace:’ We think it fits— 
ecause we are. And we 

intend to remain there. 

First in high-perform- 

ance, high-capacity disk 

drives. First in quality. 

First in service and 


customer satisfaction. 
We introduced the 
world’s first 200 mega- 
byte disk drive in a 
3% inch form factor: 
the SWIFT™ WREN™ 
5% inch disk drives were 
the first to break the sub- 
20 millisecond seek time 
barrier and they’re still 
the fastest 5% inch drives 
in the world. The SABRE”™ 
8 inch disk drive was the 
first drive of its size to 


offer over 1,200 mega- 
bytes of storage. And in 
survey after survey of 
the OEM drive business, 
we ranked first in cus- 
tomer service. 

So, just because 
we changed the name 
doesn’t mean we're going 
to change our ways. 
We're going to stay the 
world’s leading supplier 
of OEM data storage 
products. 


IMPRIMIS 


A Subsidiary of Control Data 
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Anew 
STD Bus single board 
computer? 


f 


(Ss 


\Z 


All CMOS construction 
means low power 
consumption 


Up to 512k 
battery-backed SRAM- 
enough for MS-DOS 


16-bit 8OC186 CPU 

for PC compatibility, 

up to 12 MHz operation 
for real-time applications 


4 serial channels, includes 
RS-422/485 interface for 
multi-drop communications 


Battery- backed 
clock/calendar and 
watch-dog timer 


24 PiO lines for industrial 
V/O functions 


4 counter/timers for 
monitoring external events 


Upto 256k EPROM for 
program storage 


by Here 


SBX interface for piggy-backing extra functions 


THE CPU-186 


Very functional. Designed for 
the industrial environment. 
Supported by industry-proven 
software development tools for 
MS-DOS compatible, ROM- 
based systems. 


Member STDMG 


sACO8 & JAVITS CONVENTION CENTER 
$476 (OEM quantities) See us at 
AVAILABLE NOW BUSCON #447 
Call our applications engineers, (803) 877-8700, 
for more information on the CPU-186 and our 
extensive line of STD Bus systems, boards, and 
card cages. 
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COMPUTER DYNAMICS SALES 


107 S. Main St., Greer, SC 29651 803-877-8700 
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This issue’s cover. . . 


Cover design by Sergio Roffo 


hat more appropriate sym- 

bol is there for memory 
than the pachyderm? They're big, 
they're fast (despite their size), 
and they never forget. Who 
among us doesn't hold dear the 
childhood tale about the ele- 
phant who, about to stomp ona 
miniscule mouse, remembers the 
friend made years before when 
the mouse removed a thornfrom 
the elephant's foot? Or was that 
a lion who had the thorn in his 
foot? Or a tiger? Or a leopard? It 
doesn't matter because our pachy- 
derms, like ASIC memories, can 
be whatever we want them to be. 
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rEK’S 1241 MICRO ANALYSIS 


SYSTEM: AT $9,950, THE CHIPS ARE 
REALLY STACKED IN YOUR FAVOR! 


Tek’s 1241 microprocessor 
analysis system includes 
the Tek 1241 Logic Ana- 
lyzer. The micro support 
package of your choosing. 


Plus performance analysis, 


storage and communica- 
tions options. At a total 


price of $9,950. If you're look- 


ing for a system to minimize 
your risk and maximize 
your retum, this is 
the package you 
can bet on. 

It’s proven. The 
1241 is known and 
accepted world- 
wide as the 

best of the 
leading 
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logic analyzers. 


It supports more than 45 
microprocessors, micro- 
controllers and digital sig- 
nal processors. That's more 
than any other logic analyzer. 
You can add additional micro 
support for as little as $400. 


Copyright © 1988, Tektronix, Inc. All rights reserved. 5EW-LAA-555-1-2-88-INTL-1 


It comes with a specialist. 
Teks dedicated logic analy- 
sis sales and applications 
engineers give you expert 
support whenever you 

need it. 


It’s the best deal on the 
table. For immediate value 
and long-term practicality, 
nothing else can 
touch tt. 


Call us. Talk to 
your local Tek 
sales represen- 
tative, or call 
1-800-245-2036 
for more informa- 
—___ tion about 
— =] the total 
=) Tek 1241 
®) package. 


Tektronix 


COMMITTED TO EXCELLENCE 


Our ASICs 


| 


y ASICs DESIGN \ . 
MANUAL 


are boring. 


Theyre easy to design. Theyre ready on time. 
And first-time success is virtually 100%. 


You've heard all about the excitement of 
ASICs. 

They improve performance, lower costs 
and make many new designs possible. 

But, unfortunately, youve probably also 
heard about one big potential problem: while 
many ASICs pass the tests specified by the 
designer, they don’t always work in the real 
world. And that causes excitement you can do 
without. 


How to get first-time success. 


It starts with our Design Simulation Software. 
It’s been rated the best in the industry by the 
people who should know—designers who 
have used it. Within three days, you can be up 
to speed, working at any of the major worksta- 
tions in the industry, creating and revising 
your ASIC with ease. 


The standard cell advantage. 


You'll really appreciate the power of our 
standard cells, which allow you to integrate a 
whole system, including macros, memories, 
logic and peripherals, onto a single chip. 

We have cells with effective gate length as 
small as 1.5u (.9U coming soon). And double- 
level metal for higher-density chips that can 
handle higher clock speeds. 

You can choose from a wide range of 
Supercells, including the leading-edge 
RS20C51 core micro, RAMs, analog functions, 
bit-slice processors, HC/HCT logic, Advanced 
CMOS Logic, and high-voltage cells. 

If they aren't enough, we can even generate 


Supercells to your specs. 

And we're also in the forefront of silicon 
compiler technology. So we can offer you the 
ability to create designs that are heavily BUS- 
structured, with your ROMs, RAMs, PLAs and 
ALUs compiled right into the design. 

We also bring you the resources of some 
very powerful partners, thanks to our alternate- 
source agreements with VLSI on standard 
cells; WSI on macrocells and EPROMs; and a 
joint-development agreement with Siemens 


and Toshiba on the Advancell” library of 


small-geometry cells. 


Gate arrays, too. 

If gate arrays are better for your design, 
you'll be able to choose from our full line up 
to 50,000 gates, with effective gate length as 
small as 1.2u and sub | ns gate delays. 

These gate arrays use “continuous gate” 
technology for up to 75% utilization. They 
are an alternate source to VLSI Technology 
arrays. 

We also alternate source the LSI Logic 5000 
series. 

And we have a unique capability in high-rel 
ASICs, including SOS. Our outstanding pro- 
duction facilities here in the U.S. produce 
high-quality ASICs in high volume at very low 
costs. 

It almost sounds exciting for something so 
boring, doesn’t it? 

For more information, call toll-free today 
800-443-7364, ext. 25. Or contact your local 
GE Solid State sales office or distributor. 


In Europe, call: Brussels, (02) 246-21-11; Paris, (1) 39-46-57-99; London, (276) 68-59-11; Milano, (2) 82-291; Munich, (089) 63813-0; Stockholm (08) 793-9500. 


GE/RCA/INTERSIL 


SEMICONDUCTORS 
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SOFTWARE 


Tom Williams, Western Managing Editor 


parallel-processing environ- 
A ment developed by researchers 

at Yale University, known as 
Linda, is beginning to appear in com- 
mercially available parallel-proces- 
sing systems. Linda isn’t a language 
or an operating system. It’s more of 
a machine model and a programming 
methodology that could conceivably 
be implemented as the underlying 
kernel of an operating system, or 
built into a programming language 
or a hardware architecture—or some 
combination of the three. Linda has 


the added advantage of requiring 
relatively minor modifications to 
popular languages to make them 
Linda-compatible. 

As with any maturing technology, 
parallel processing today is spawning 
plenty of activity, as well as a great 
deal of diversity, in terms of systems 
that implement parallelism. In fact, 
it often seems that every new idea for 
a multiprocessing parallel system 
brings with it not only a brand-new 
hardware architecture, but also a 
new software operating environ- 
ment. As multiprocessing systems 
struggle to become commercially via- 


Software machine model 
blazes trail for parallel processing 


ble, they'll have to give an eye to 
standards issues to ensure portabili- 
ty of parallel applications. 

While there are no clear-cut stan- 
dards for parallelizing compilers, or 
even operating systems, an industry 
committee has been formed to ad- 
dress the issues of software standards 
for the T800 Transputer chip from In- 
mos (Colorado Springs, CO), an in- 
creasingly popular vehicle for 
implementing parallel multiproces- 
sor systems. But it appears that be- 
fore committee members can discuss 


One of Linda’s most 
powerful features is 
its ability to repli- 
cate a process in 
order to create a 
given number of 
“workers,” or iden- 
tical processes, that 
can work ona large 
set of tuples, ac- 
cording to Charles 
Vollum, president 
of Cogent Research. 
Also, since Linda 
deals with proces- 
ses, it can replicate 
as many as make 
sense for the 
application. 


language or operating system stan- 
dards, they must first have an under- 
standing of some basic underlying 
paradigm on which to build these 
standards. 

It could be said that the underlying 
paradigm on which current stan- 
dards are built is the von Neumann 
architecture and its variations. But 
actually there are many approaches 
to hardware architectures for paral- 
lel processing, each with its own 
champions and detractors. The un- 
derlying paradigm for parallel sys- 
tems will probably be some sort of 
software machine model that can 


find its incarnation in various forms 
of parallel hardware architectures. 
One candidate is Linda, though it’s 
by no means the only competitor. 
Even those implementations of Lin- 
da that are finding their way into the 
market aren’t yet compatible with 
each other. 


B The concept of tuple space 

In addition to needing an environ- 
ment that accommodates portability 
and can be implemented on a variety 
of processors and machine architec- 
tures, programmers shouldn’t have 
to deal in detail with structural and 
scheduling dependencies among par- 
allel processes. In turn, a process 
shouldn’t be concerned with what- 
ever other process or processes are 
going to use its results. And sim- 
ilarly, a process shouldn’t have to be 
loaded and running at the same time 
results are generated in order to be 
able to use those results. Freed from 
these scheduling worries, program- 
mers are better able to concentrate 
on the problem at hand. 

The Linda model uncouples paral- 
lel processes from their time and 
space dependencies. Processes never 
interact directly, as is the case when 
messages are passed using flags and 
semaphores. Rather, they communi- 
cate by acting on data elements 
called tuples, which are kept in a con- 
ceptual shared memory called tuple 
space. Tuple space is accessible to all 
processes running on the system, and 
there can be as many running pro- 
cesses as there are physical proces- 
sors. Tuples themselves are ordered 
sets of values that can be active data 
structures (processes themselves, for 
example) or passive data structures. 
Tuples are accessed by logical name 
rather than by address. 

If a running process has data that 
it needs to communicate to another 
process, it adds that data to the tuple 
space. The target process need not be 
running at the time. When the pro- 
cess comes on-line, it will search tu- 
ple space for tuples that match its 
template. A process called (P, int I, 
bool B), for example, would look for 
a tuple with the name P that has 
some actual integer and some actual 
Boolean value. 

Once the process has found the tu- 
ple, it removes it from tuple space so 
it can’t be grabbed by any other pro- 
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A Worksmart Workshop 
For PCB Design. 


You probably already know there are better ways to design PC 
boards out there. You know there are strategies for designing denser, 
more efficient boards. And you already know that today’s CAD tools 
are revolutionizing the very way we think about PCB design, engi- 
neering and manufacturing. 


Our guess is you'd probably like to learn about the latest PCB 
design technology and ask your toughest questions at one time. In one 
place. 

That's why P-CAD* is offering a series of free nationwide PCB 
design workshops. Special seminars designed for engineers already 


But even if you know all this, where can you go to ask the really familiar with the basics, as well as those who are just getting started. 
tough questions? To find out about the latest developments in CAM? Whether you know a little or know a lot, P-CAD has a workshop 
Photoploting? Autorouting? SMT? And where do you go to get infor- for you. 
mation on integrating mechanical design software with PCB CAD and So what are you waiting for? Call P-CAD for a detailed agenda and 
desktop publishing? Or, how do you get started in PCB CAD without reserve your worksmart space today. Call Toll-Free 1-800-628-8748 (CA) 
making all the common mistakes? 1-800-523-5207 (Outside CA). Ask for Cynthia. 


How To Get Started In PCB CAD 


BOSTON PARSIPPANY, N.J. WASHINGTON D.C. CHICAGO IRVING, TEXAS SHERMAN OAKS (S. CAL.) 
October 3 October 4 October 5 October 6 October 11 October 12 
1:30 P.M.-5 P.M. 9 A.M.-Noon 9A.M.-Noon 9A.M.-Noon 9 A.M.-Noon 9 A.M.-Noon 
Howard Johnson Aspen Hotel Holiday Inn Holiday Inn, Marriott Sherman Oaks Valley Hilton 
Hotel Tysons Corner Oakbrook 
SANTA CLARA MONTREAL OTTAWA TORONTO VANCOUVER 
October 13 October 24 October 25 October 26 October 27 
9A.M.-Noon 9 A.M.-Noon 9 A.M.-Noon 9 A.M.-Noon 9 A.M.-Noon 
Techmart 3 Ramada Inn Baron's Motor Inn Cara Inn Discovery Park 
CAD for Analog Board Design 
CHICAGO SHERMAN OAKS (S. CAL.) SANTA CLARA BOSTON PARSIPPANY, N.J. FORT LAUDERDALE 
November 28 November 29 F November 30 December 5 December 6 December 7 
9 A.M.-Noon 1:30-4:30 9A.M.-Noon 1:30-4:30 9 A.M.-Noon 9 A.M.-Noon 
Oakbrook Marriott Sherman Oaks Valley Hilton Techmart Newton Marriott Parsippany Hilton Embassy Suites 
ER 1290 Parkmoor Ave. 
Pp -«Cci San Jose, California 95126 
PERSONAL CAD SYSTEMS INC. Telephone (408) 971-1300 


P-CAD is a registered trademark 
of Personal CAD Systems, Inc. 
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cess. Tuples are never altered while 
in tuple space. They’re removed, acted 
upon and/or updated, and then rein- 
serted. This makes it possible for 
many processes to share access to tu- 
ple space without elaborate priority 
or semaphore schemes to ensure 
orderly access to data. By definition, 
if a tuple is present in tuple space and 


B..: the Topology 1000 from 
Topologix (Denver, CO) and the Com- 
pute Card from Cogent Research 
(Beaverton, OR), which forms the basic 
building block of the XTM desktop su- 
percomputer, use a similar approach in 
their hardware architecture. The Topol- 
ogy 1000, which includes four T800 


TOPOLOGY 1000 


VMEBUS 


SYSTEM 
NETWORK 
TO OTHER 

LINKS 


COGENT XTM 


— 
i} 
1 


CONTROL | 
| 
i} 
| 


Y 


THE 
OPERATOR 


Wa Vy Y 
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A vehicle for parallel processing 


SOFTWARE 


a process is running that can use it, 
it’s usable. If a running process doesn’t 
find a tuple that matches its tem- 
plate, it loops until the required tu- 
ple is placed into tuple space. 


a Only four Linda operations 
Linda consists of four operations: 
OUT places a passive tuple into tuple 


Transputer chips from Inmos (Colorado 
Springs, CO), is based on the VMEbus. 
The Compute Card, with two Trans- 
puters, is based on the NuBus. But 
both systems can be connected and 
networked to an almost arbitrary num- 
ber of processing nodes. 

Each Transputer has its own local 


USER LINKS TO 


CROSSBAR SWITCH 


Y, 


OTHER BOARDS 


space; IN removes a tuple for opera- 
tion by a process with a matching 
template; READ reads a tuple’s data 
without removing it from tuple 
space; and EVAL places an active tu- 
ple (a process) into tuple space. Once 
the active tuple has finished evaluat- 
ing, it becomes a passive tuple. By 
far, the most common operations are 


memory array and can communicate 
over the system bus as well as via serial 
direct memory access links that are 
part of the Transputer chip. Requests 
for data or for communications link- 
ups are usually sent via the system bus. 
For data transfers between the local 
memories of different processors, the 
system establishes a DMA link by 
means of the crossbar switch. 

The main difference between the 
two approaches is that the Cogent sys- 
tem uses a separate processor called 
an operator to service communications 
requests and set up links automatically. 
In the Topology 1000, on the other 
hand, the user has direct access to the 
network links via a graphics display 
and a mouse. The Topology 1000 user, 
therefore, can set up different inter- 
connect topologies before or at run 
time and experiment to find the most 
efficient interconnect scheme for the 
application. In addition, the Cogent 
XTM is a stand-alone system, while the 
Topology 1000 is designed to run un- 
der Unix on a Sun-3 workstation. 

In the Linda system as implemented 
on the Cogent system, each local 
processor keeps a complete copy of 
the list of requests for tuples, which 
each processor broadcasts on the bus 
every time it looks for a tuple. If a local 
processor finds that a tuple on the re- 
quest list is in its local memory, it sig- 
nals the operator to establish a DMA 
link with the requesting processor, and 
the data flows over that link. Similarly, 
if a processor stores, or OUTS, a tuple 
to its local memory, it checks the re- 
quest list to see if there’s a request 
pending from another process. In this 
way, tuple space is maintained on a 
conceptual and functional level even 
though actual tuples may be stored in 
separate physical locations. 
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Mil-Spec 


VMEbus 


Field-Proven System 


Solutions 
from DY-4 


Durability, flexibility and performance. All field- 
proven in our militarized VMEbus solutions now 
used in C°, army, navy, air force and air-traffic 
control applications. 


Designed to perform in the most challenging 

situations, DY-4 VMEbus solutions address the 

system integrator’s major program concerns: 

¢ Environmental requirements 

¢ Reliability 

¢ Testability with card and 
system-level diagnostics 

¢ QA and QC to MIL-O-9858A 

¢ Multiprocessing architecture 

¢ Redundancy 


If you need Mil-Spec, field-proven 
VMEbus solutions, call us today. 
We're ready to discuss 

your specific requirements. 


CanadianCorporate 
Headquarters (613) 596-9911 “ 


California (408) 377-9822 
Los Angeles (714) 549-2559 
Washington (301) 964-5554 * 
Massachusetts (617) 692-9308 


Denmark (06) 963624 
Ferranti Computer Systems 
United Kingdom 011 44 6333 71111 
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A Simple 
Solution to 
Automation: 


ECX 
Bolt-in 
Computer 


It’s easy to implement control, 
monitoring, and automation systems 
using the ECX “bolt-in computer”™ 
because: 


You get all the power you need in 
a rugged 8.5” x 5.5" package (25% 
faster than an IBM-PC XT) 

¢ You save weeks of startup time 
because integral firmware starts up 
as soon as you apply 5V 

¢ You can program in C, BASIC, or 
assembly language on an IBM-PC, 
and transfer your program to ECX 
in EPROM’s or RAM 

® You have your choice of digital, 
analog, timing, and communication 
interface signals 


All you do is attach the necessary 
inputs and outputs and enter your 
program. You concentrate on using a 
computer, not building one. Call or 


write today for your free copy of the 
40 page ECX Design Guide. 


iN MICRO/SYS 


1011 Grand Central Ave. 
Glendale, CA 91201 
(818) 244-4600 
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OUT and IN. 

One of Linda’s most powerful fea- 
tures is its ability to replicate a pro- 
cess in order to create a given 
number of ‘‘workers,” or identical 
processes, that can work on a large 
set of tuples, says Charles Vollum, 
president of Cogent Research 
(Beaverton, OR). Since Linda deals 
with processes, it can replicate as 


“Linda is certainly the 
cleanest parallel 
software paradigm 
that I’ve seen.” 
—Jack Harper, Topologix 


many as make sense for the applica- 
tion. “You can have 100 processes on 
one processor or 100 processes on 100 
processors,” says Vollum. In the 
former case, only one process would 
run at a time; the others would be 
blocked and pending. In the latter 
case, all processes could run, and the 
speedup would be almost linear. 

Vollum cites as an example of how 
replicated workers can attack a high- 
ly parallel task a ray-tracing pro- 
gram that computes pixel values in 
terms of scan lines. If each scan line 
is a tuple in tuple space, then a given 
number of copies of the scan-line ray- 
tracing algorithm can arbitrarily IN 
scan lines, compute their pixel values 
and OUT them back into tuple space. 
The master process would then IN 
the computed scan lines and send 
them to the frame buffer. 

“When a worker does an IN, he 
doesn’t know which scan line he’s go- 


TUPLE SPACE 


PROCESS 
FETCHING DATA 


(P, INT, BOLD) / {P. 27, FALSE) 


(FRED, 7, TRUE) 
PROCESS 


BLOCKED 
(Al, REAL, BOOL) 


(FOOBAR, 5) 


ing to get,” Vollum says. “With many 
processors, the easy scan lines will be 
done first. One processor may do only 
one scan line, if it’s a difficult one to 
compute, while another may do 100.” 
The resulting image will appear on 
the screen line by line ina seemingly 
random fashion until the entire 
image is completed. 


B Two approaches to Linda 
Implementations of Linda are begin- 
ning to make their way into commer- 
cial products, albeit in varying forms. 
Two approaches are the Cogent XTM 
desktop parallel supercomputer and 
the Topology 1000 from Topologix 
(Denver, CO), a plug-in board for use 
with Sun workstations. These ap- 
proaches use similar hardware ar- 
chitectures based on the T800 
Transputer chip, but their Linda im- 
plementations reflect different views 
of what users need. 

In the Cogent XTM, according to 
Vollum, “We pushed Linda right 
down to the bottom,” building it into 
the Unix operating system kernel. 
Topologix took a different approach 
altogether in its plug-in board by 
embedding Linda into the Common 
Lisp programming language as an 
option. ‘““We want to market a gener- 
al-purpose machine that’s not re- 
stricted to one paradigm,” explains 
Jack Harper, president. 

Embedding Linda in the operating 
system kernel tends to make the sys- 
tem a Linda-only machine, but it dis- 
tributes operating system services 
over as many processors as are avail- 
able. A request for a disk read, for ex- 
ample, is dropped into tuple space 
and is immediately grabbed by the 
file-server process. The file-server 


THE CONCEPT OF TUPLE SPACE All Linda processes 


have access to tuple 
space. The IN oper- 
ation removes the 
tuple data structure 
from tuple space. 
The process storing 
OUT a result has previ- 
*—pROCESS ously performed an 

RESULT IN ona tuple, up- 
(FOOBAR, 5) dated it, and is OUT- 
ing it back to tuple 
space. The blocked 
process is looping 
because there's no 
matching tuple in 
tuple space. 
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A lot of 
performance 


took just a 


little extra 
— common 
4 sense. 


ers four iene banks of 32-bit-wide fast page 
RAM to achieve zero-wait-states for most accesses and 
eliminate the need for caching. 

To get the data in and out, we provide 2 SBX 
connectors. Intel’s board has one. 

To get it to memory, our board supports DMA. 
Intel’s doesn’t. 

Our board lets you use both Weitek WTL 1167 and 
80387 floating point co-processors. Intel makes you 
choose between them. 

Like all our Multibus SBCs, the CD21/8386 is fully 
hardware and software compatible with corresponding 
Intel boards. . . in this case with the SBC 386/3X 
series. But our board is not just loaded with features, 
it’s got the right features to capitalize fully on the 
80386’s extra power and wide data path in any 
application. That’s common sense design. 

And Central Data backs it up by our industry- 
leading performance in the areas of manufacturing 
standards, user support, and on-time delivery. 

Give Mike Heins, SBC product manager, a call 
today and he’ll be happy to tell you all about it. 


1602 Newton Drive, Champaign, IL 61821-1098 


1-800-482-0315 
(In Illinois 217-359-8010) FAX 217-359-6904 


*Multibus is a trademark of Intel Corporation 
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process pulls the requested data off 
disk and puts it into tuple space, 
where it’s available for the request- 
ing application process or processes. 
“Linda makes the operating system 
a distributed program that runs on 
all these processors, but what the 
user sees is old, familiar Unix,” ac- 
cording to Vollum. 


B Built-in commands for Linda 

In the Topologix approach, the Lin- 
da mechanisms for creating tuples 
and managing tuple space are built 
into the language, along with a vari- 
ety of commands to invoke Linda 
functions. Lisp is expected to be 
available in the near future, to be fol- 
lowed by a version of C with 


embedded Linda functionality. 

When creating Linda-capable lan- 
guages (Fortran and C++) for the 
XTM, Cogent built in elements that 
fit with the syntax of the language 
but invoke the Linda functionality 
embedded in the operating system 
kernel. OUT in Fortran, for example, 
is CALL OUT. By embedding state- 
ments to do IN, OUT, READ and 
EVAL into what is otherwise stan- 
dard source code, programmers can 
define tasks and tuples, and create 
parallel programs. Programmers can 
also decide exactly how many worker 
tasks, or copies of a task, they want 
to create. The number can be 
changed without having to recompile 
the program. 


While keeping a range of options 
open for his customers to configure 
the Topology 1000, Harper confesses 
to being a real Linda fan. “When I 
first looked at it, I thought, ‘This is 
ridiculous. It’s too simple,’” he says. 
“To my mind, it’s certainly the 
cleanest parallel software paradigm 
that ve seen. Linda’s ability to dis- 
tribute itself over an arbitrary num- 
ber of processors is vital to ease of 
bie, development and debugging. 

“The key is that I can build soft- 


ware with Linda, run it on a single 
processor, debug it and make it work, 
and then turn it loose,” he continues. 
“And it will propagate into the par- 
allel-processing world and will work. 
To me, that’s just astonishing.” [1 


David Lieberman, Senior Editor 


ne of the most popular means 

of charging up performance 

in new-generation micropro- 
cessors, CPU boards and assorted 
controller boards is cache memory, 
which reduces the need to access data 
and/or instructions from an external 
source, and eliminates the wait states 
induced by doing so. Although cach- 
ing gives a real boost to memory- 
intensive and/or time-critical appli- 
cations, it typically increases system 
cost and complexity as well. 

A new caching board, however, 
gives a cost-effective, transparent 
turbocharge to existing VMEbus sys- 
tems without requiring CPU up- 
grades, hardware redesign or soft- 
ware reconfiguration. The VME- 
cache board from Ovation Systems 
(Great Milton, Oxfordshire, UK) pro- 
vides a simple direct-mapped write- 
through cache system consisting of 8 
kbytes of 32-bit, 35-ns cache tag stat- 
ic RAM and either 16 or 32 kbytes of 
35-ns data cache SRAM. 

The VMEcache board is installed 
by removing an existing dynamic 
RAM board and inserting the board 
in its place. The DRAM board is then 
reinserted between the slots of a 


Cache board delivers 
turbocharge to VMEbus systems 


backplane and reconnected through 
the VMEcache to the VMEbus viaa 
special flex-circuit minibackplane. 
The interim position of the VME- 
cache lets it monitor certain signals 
on the bus to determine, for example, 


if a data request can be serviced from 
its own cache SRAM or if it must be 
passed through to the DRAM board. 
When requested data is resident in 
the cache, the VMEcache disables 
the DRAM board and drives the re- 
quested data onto the bus. 


i Cache doubles peak performance 
The VMEcache doesn’t rest content 
with mere caching; it also ensures 
that its own operations don’t add de- 
lays to memory accesses and, there- 


THE VMECACHE BOARD ARCHITECTURE 
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The VMEcache board connects an adjacent dynamic RAM board to the VMEbus via a 
special flex-circuit minibackplane. The VMEcache intercepts control signals to the DRAM 
board in order to satisfy requests out of fast cache memory whenever possible. 
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fore, undermine its benefits. ‘““Very 
high-performance cache-tag memory 
lets a cache-hit detection occur within 
the address set-up portion of the 
VMEbus cycle,” says Ovation’s tech- 
nical director, R.P. Gregory. “As a re- 
sult, the data is ready to be driven 
onto the bus before the cycle strobes 
have even been asserted.” The board 
can provide a 40-ns access to data on 
a cache hit, according to Gregory. 
“For a 16-MHz 68020, this removes 
three wait states involved in acces- 
sing system memory and gives the 
potential of one-wait-state access to 
memory over the bus—as fast as 
many CPU cards can execute from 
on-board memory. 

“This will almost double peak per- 
formance and provide a 50 percent 
typical performance improvement to 
systems using VMEbus memory, and 
up to 200 percent speed improvement 
to systems where the bus bandwidth 
becomes limited by DRAM cycle time 


Guaranteed Portability for 
your real-time systems. 


rather than by its access time,” 
Gregory continues. “This is particu- 
larly noticeable in multiprocessor 
systems where total memory band- 
width becomes just as limited by the 
DRAM’s intercycle recovery period 
as by the access period.” 

The VMEcache board maintains 
entries of the most frequently and 
most recently read memory loca- 
tions. When a data request must be 
serviced by the DRAM board, VME- 
cache stores the new data for subse- 
quent accesses. Cache entries are 
also made during long-word write cy- 
cles and during write cycles to previ- 
ously cached locations, automatically 
updating previously cached data. All 
cache entries in the VMEcache are 
cleared on VMEbus reset and may 
also be cleared if a read-modify-write 
cycle occurs within the cacheable ad- 
dress range. ‘“This gives the CPU the 
option of clearing the cache when it’s 
using memory that’s actively dual- 


junction with dual-ported boards. 


ported independently from the 
cache,” says Gregory. VMEcache 
provides hardware selection of the 
cacheable address range to prevent 
caching of noncacheable locations. 

The VMEcache board, however, has 
no practical effect on the efficiency of 
write cycles. A typical CPU spends 
only about 20 percent of its time per- 
forming write operations, according 
to Gregory. “And many DRAM 
boards provide their own write-cycle 
buffering, which inherently im- 
proves write access time.” 


Bf Applications for many systems 

Despite its virtues, the VMEcache 
isn’t for every system. It won’t, for ex- 
ample, operate with VMEbus block 
transfer cycles and may cause co- 
herency problems when used in con- 


Improvements in access time will be 
limited for systems using memory- 
management units, since MMUs im- 


A real-time, 
multi-tasking, 
ROMable kernel 
for C programs. 


Now you can have a portable base for 
embedded systems that lets you grow 
from 8- to 16- to 32-bit systems. CISC 
or RISC, now your kernel can be as 

portable as your real-time application. 


C EXECUTIVE is especially suited for 
high volume, low cost board level pro- 
ducts for instrumentation, control, 
data acquisition, and other real-time 
applications. 


Features 


e Real-time, fully-preemptive task 


e Rapid prototyping—test under UNIX, 
DOS, VMS, etc., then download to 
your choice of microprocessor. 


e Use the latest microprocessor— 
C EXECUTIVE is being ported to a 
wide variety of both CISC and RISC 
processors. 


e JMI Portable C Library—a complete 
ROMable and sharable library is 
included. 


Order Now 


The JMI C EXECUTIVE single unit 
binary price is $575. Source code for 
all I/O drivers is included. Quantity dis- 
counts are available. 

To order, or for more information, write 
or call JMI Software Consultants, Inc., 
215-628-0846. 


Registered Trademarks: UNIX—AT&T, MC6809, MC68000—Motorola, Inc. 


Distributors: Sweden, Unisoft AB, Vastra Hamngatan 8, S-411 17 
Goteborg, Phone: 46-31-176050; West Germany, Staub Computer 
Integrations GmbH, Lochhamer Schlag 19, D-8032 Graefelfing, Phone: 
089/853987; France, COSMIC, 52, quai des Carrieres, 94227 Charenton 
Le Pont CEDEX, Phone: (1) 378-83-57; Switzerland, RETIS Realtime Soft- 
ware AG, CH-5001 Aarau, Bahnhofstrasse 96, Phone: 064-24-77-76; 
United Kingdom, Real Time Systems, Ltd., PO. Box 70, Viking House, 
Nelson Street, Douglas Isle of Man, British Isles, Phone: 624-26021; 
Japan, Advanced Data Controls Corp., Nihon Seimei Otsuka Bldg.. 

No. 13-4, Kita Otsuka 1 chome, Toshima-ku, Tokyo 170, Phone: 576-5351 


scheduler. 
¢ Optional file system available. 


e Fast context switching time-1/7us on 
25MHz MC68020. 

e Standard |/O and data flow design 
facilities are built in. 

e Highly portable—supports Motorola 


MC68000/MC68010, 
MC68020/MC68030, MC6809, Intel 


8080/8085, 8086/8088, 80186, 
80286, 80386, DEC LSI-11, Zilog 
Z80, Z280, AT&T WE32100, Texas In- 
struments TMS34010, Intergraph 
CLIPPER, and the National Semicon- 
ductor Series 32000. 


e High Level Language Support— 
written in C, provides built-in 
interface to user applications code. 
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pose an extra wait state for all accesses. 

But for many existing systems, the 
board avoids the wait states imposed 
when a CPU needs to go off-board for 
data or code. ‘“‘Since most software 
routines spend considerable time in 
loops, it’s very likely that previously 
accessed program data will be found 
in the cache,” says Gregory. “Studies 


Richard Goering, Senior Editor 

sers of computer-aided soft- 

ware engineering (CASE) tools 
have a severe problem manag- 
ing data when tools from different 
vendors are combined. An emerging 
standardization effort spearheaded 
by Atherton Technology (Sunnyvale, 
CA) and Digital Equipment Corp 
(Marlboro, MA) may soon alleviate 
this problem by defining a way for 
CASE tools to link into a consistent 
data-management system. 

Initiated by Atherton and DEC 
in May, this standardization effort 
has since attracted participants from 
Apollo Computer, Cadre Technologies, 
Ford Aerospace, Hewlett-Packard, 
IBM, Index Technology, Interactive 
Development Environments, Inter- 
leaf, RCA, Rockwell and Sun Micro- 
systems. The group met for the third 
time at the recent conference of 
OOPSLA-88 (Object-Oriented Pro- 
gramming: Systems, Languages and 
Applications). 

The standard under discussion has 
been given the temporary name 
Atherton Tool Integration Services 
(ATIS). Its starting point was Ather- 
ton’s Software Backplane, an inte- 
grated project support environment 
that provides such features as a con- 
sistent user interface, management 
services, a common data base anda 
portable operating system. ATIS fo- 
cuses on management services such 
as version control and on data-storage 
issues such as concurrent data access. 
Due to input from DEC and other 
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have shown that such a cache will 
typically achieve a 70 percent hit 
rate for program execution.” 

The VMEcache also offers compar- 
able performance for applications 
that recurrently access a limited 
amount of data, such as data base 
manipulations, according to Gregory. 
These applications result in more ef- 


Standardization effort targets 
data management for CASE 


vendors, ATIS has evolved to the 
point where it now varies considera- 
bly from Atherton’s Software Back- 
plane. ATIS will be a public-domain, 
nonproprietary standard, and so the 
group that’s guiding it is now looking 
for a name that doesn’t include Ather- 
ton in the title. 


Bf ATIS goes beyond EDIF 

The ATIS effort parallels an attempt 
to adapt the Electronic Design Inter- 
change Format (EDIF) to CASE tools. 
By providing a neutral interchange 


USER INTERFACE 


SERVICES LAYER 


DATA REPOSITORY 


GENERIC OPERATING SYSTEM 
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fective bus utilization—a major ben- 
efit for multiprocessing systems. The 
board can also benefit those CPU 
boards that are based on the newer 
microprocessors with their own on- 
chip caches, says Gregory, since 
these caches are so small that they 
seldom contain all the program or 
data space the processor requires.L] 


format, EDIF will let CASE tools 
from different vendors exchange data. 
ATIS, however, allows a deeper level 
of integration by defining a common 
way of managing multivendor data. 
“We're not talking about merely 
the ability to interchange data,” says 
Bob Abramson, senior product man- 
ager of CASE tools at DEC. “You 
want to implement version control 
for the output of tools in a common 
fashion and establish relationships 
between the data produced by differ- 
ent tools. You want to go back and 
have an audit trail of changes made 
to data. And, ultimately, you want to 
tie in source-code modules and test 
a ae: as well.” 
though not a data base standard, 
ATIS represents a move toward a 
common data-storage methodology 
for CASE tools. “Most previous propo- 


The starting point 
for the standard- 
ization effort was 
Atherton Technol- 
ogy’s Software Back- 
plane, an integrated 
project support 
environment that 
provides a consis- 
tent user interface, 
a management ser- 
vices layer, a data 
repository anda 
portable operating 
system. The pro- 
posed standard ad- 
dresses management 
services such as 
version control and 
data repository is- 
sues such as concur- 
rency control. It 
does not, however, 
mandate a specific 
type of data base. 


sals for integration have been at the 
file level,” says Tony Wasserman, 
president of Interactive Development 
Environments (San Francisco, CA). 
“That’s okay, but it’s a very passive 
way to link tools. Here we have the 
idea of a shared repository through 
which tools can communicate.” 


8 Object-oriented approach 
As currently conceptualized, ATIS 
fulfills two functions. First, it defines 
an object-oriented methodology that 
provides an interface between CASE 
tools and data-management services. 
Second, it establishes models for such 
procedures as version control, secu- 
rity and access control, and transac- 
tion control. 

The tool interface is based on a pre- 
defined, single-inheritance hierarchy 
of data types. As is typical in object- 


““If ATIS moves into a 
nonproprietary format 
and Sun and Apollo 
contribute, we'll have 
the best of all worlds.”’ 


—Lou Mazzucchelli, 
Cadre Technologies 


oriented programming, each type has 
associated messages (such as open, 
merge and check-in), methods (pieces 
of code that implement messages) 
and properties (such as child and par- 
ent). To add a new tool, the tool in- 
tegrator can either use existing types 
or add a new subtype. A subtype can 
inherit existing methods and mes- 
sages, or new methods and messages 
can be added. 

Once a tool is added to this hierar- 
chy, it can use an ATIS-compatible 
project support environment. Since 
ATIS manipulates objects rather 
than files, integration can take place 
at a deep level. An ATIS-based man- 
agement system could, for example, 
define a relationship between a bub- 
ble in a diagram and a paragraph in 
a document. 

The ability to add new types, mes- 
sages and methods lets most existing 
tools use management services with- 
out modifying the tool. ““The tool is 
completely blind to the fact that it’s 


being controlled on the outside,” says 
Bill Paseman, Atherton vice-presi- 
dent of technology. ‘The tool vendor 
doesn’t have to make any changes.” 
But the tool integrator must under- 
stand the interface the tool uses to 
communicate with the outside world. 

Tool integration won’t be automatic 
for all vendors, however. “If you don’t 
have concepts such as object rela- 
tionships, object management and 
navigation, there’s no problem,” says 
Lou Mazzucchelli, chairman of the 
board at Cadre Technologies (Provi- 
dence, RI). “But if you do have these 
concepts, you have to figure out how 
your object management affects the 
integration tool.” 

In any case, a new tool that’s 
designed with ATIS in mind can be 
integrated more efficiently than an 
existing tool. By supporting the pre- 
defined types, the tool can exchange 
data more efficiently and avoid dupli- 
cating storage, notes Paseman. What- 
ever evolves from ATIS will thus af- 
fect future tool development, and tool 
vendors may someday wish to label 
their tools as ““ATIS-compatible.” 


B Management models 


ATIS doesn’t mandate a specific sys- 
tem for implementing management 
services, nor does it dictate a specific 
type of data base. It does, however, 
set forth some conceptual models 
that describe the execution of mes- 
sages. Under the current version- 
control model, for example, two users 
can open a file concurrently and up- 
date it locally. After the files are 
checked in, the management system 
merges them into a new version. 

ATIS also provides several other 
types of models, including those for 
security and access control, which de- 
termine who has clearance to access 
data; those for naming services, which 
establish a file-naming methodology; 
and those for transaction control, 
which guarantee data base consisten- 
cy during concurrent multiuser ac- 
cess. All ATIS models are under de- 
velopment and are subject to change. 

One area that the ATIS group 
plans to address is correspondence 
control, which establishes relation- 
ships between objects in the data 
base. Another area that will be con- 
sidered is data access and communi- 
cations across a network. 

To develop data-management mod- 
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els, the ATIS group can draw not 
only on the Software Backplane ex- 
perience, but on data-management 
systems such as the Domain Soft- 
ware Engineering Environment 


(Chelmsford, MA) and the Network 


Sun Microsystems (Mountain View, 
CA). “If ATIS moves into a nonpro- 
prietary format and Sun and Apollo 
contribute their ideas, then I think 
we'll have the best of all possible 
worlds,” says Cadre’s Mazzucchelli. 
In any case, ATIS should be able to 
fit on top of NSE or DSEE and pro- 
vide a way for tools to use these sys- 
tems. “ATIS is defining a consistent 
tool interface. It doesn’t add function- 
ality NSE doesn’t have,” says George 
Simons, CASE product line manager 
for Sun Microsystems. Since NSE, 
DSEE and the Software Backplane 
are all competing products, Simons 
believes that the ATIS group now 
needs an independent third party to 
assume the leadership role. 


Richard Goering, Senior Editor 


ecause computer-aided soft- 
a ware engineering (CASE) tools 

are seldom linked to code de- 
velopment or testing, the transition 
from CASE to compiled code is usual- 
ly tedious and error-prone. Two new 
products from Microcase (Beaverton, 
OR) attack this problem, however, by 
tying the Teamwork CASE tools 
from Cadre Technologies (Provi- 
dence, RI) to the rest of the software 
development cycle. 

The first of these tools is the Source 
Frame Builder, which can automat- 
ically translate a Teamwork struc- 
ture chart’s module specifications 
into C source file frames. The other 
tool, the Back Annotator, attaches 
performance parameters from Micro- 
case’s Software Analysis Worksta- 
tion to design objects in Teamwork 
SD (Structured Design). ‘““We’re uni- 
fying the front-end design tools, which 
were islands of automation by them- 
selves, into the microprocessor devel- 


Software Environment (NSE) from [ 


(DSEE) from Apollo Computer Py 


The emerging standardization effort lets 
existing tools use management services 
without being modified, claims Bill Pase- 
man, Atherton Technology’s vice-president 
of technology. ‘’The tool is completely 
blind to the fact that it’s being controlled 
on the outside,” he says. ‘’The tool vendor 
doesn’t have to make any changes.”’ 


Frame builder and back annotator 
link CASE to development tools 


opment environment,” says Caine 
O’Brien, Microcase CASE products 
marketing manager. 

Since late September, Microcase 
has been a value-added reseller of 
Cadre Technologies’ Teamwork 


“We're unifying 
the front-end design 
tools into the 
microprocessor 
development 
environment.” 


—Caine O’Brien, Microcase 
ee 


tools. Microcase also sells compilers 
and source-level debuggers from 
Microtec Research (Santa Clara, CA) 
and in-circuit emulators from Micro- 
tek International (Hsinchu, Taiwan). 


8 Other standardization efforts 
The ATIS effort may complement 
other standardization efforts. The 
Portable Common Tool Environment 
(PCTE), which is strong in Europe, is 
an attempt to develop a portable en- 
vironment in which software devel- 
opment tools can operate. The Infor- 
mation Resource Dictionary Stan- 
dard (IRDS), a project of the Nation- 
al Bureau of Standards, concerns a 
common tool interface to data diction- 
aries. Now established as a standard 
in electronic CAE/CAD, EDIF will 
probably define the data-interchange 
standard for CASE. And the preva- 
lence of the X Window System will 
help set a user-interface standard. 
The net effect of all these standards 
will help create truly integrated soft- 
ware development environments. 
But standards only work if there’s 
widespread cooperation among tool 
vendors, workstation vendors and 
users. ‘For a standardization effort 
to succeed, people need to talk to each 
other,” says Atherton’s Paseman.[] 


Microcase’s Software Analysis Work- 
station is a nonintrusive analysis 
tool that’s hosted by the IBM PC. By 
combining all these tools with the 
Source Frame Builder and the Back 
Annotator, Microcase is able to offer 
an end-to-end solution to embedded 
software developers. 


B Not code generation 
The Source Frame Builder shouldn’t 
be confused with automatic code gen- 
eration, which is available only ina 
very limited sense. A source frame is 
a building block into which the user 
can later enter the code body. To 
build the frame, the Source Frame 
Builder first examines the data flows 
in the structure chart constructed 
with the Teamwork SD tool. It looks 
up these data flows in the data dic- 
tionary and translates them into 
C declarations. 

The Source Frame Builder creates 
a header for each module in the struc- 
ture chart, and it then inserts the 
declarations according to the user’s 
instructions. The header coupled 
with the declarations constitute a 
frame. If a user describes his modules 
in C, as opposed to pseudocode, that 
code will be installed in the frame 
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automatically. 

The user can keep the code in the 
module specifications to ensure that 
the design matches the code. “‘But,” 
says O’Brien, “if the customer is al- 
ready using version control, he prob- 
ably won’t choose to keep his code in 
the module specification because, at 
this time, we don’t have hooks into 
version control.” 


#define MAXVAL = 100; 


typedef double operand_t; 


static int stack__ pointer = 0; 


static operand_ t 


/* 
* Procedure: pop 
Synopsis: 


* Attributes: 
f DEFN__FILE=calc__stack.c[File]; 


“i 
pop () 
( 
operand_t operand; 
if (stack__pointer > 0) 
( 


) 


else 


( 


clear (); 
return (0); 


) 


SOURCE FRAME | 


stack__values[MAXVAL]; 


OR OR I RR RK RR RRR RK RR EK 


Remove the top value off the stack and return that value. 


STRUCTURE__CHART=/mdt1/calc__example/calc__main[SC]; 


KR KERR KR RK RK KR KKK RRR RR RR KR Rk Ik kK 


return (stack values[~stack__pointer]); 


fprintf (stderr, “error: stack empty \ n’’); 


DESIGN AND DEVELOPMENTTOOLS 


priate objects—which could be module 
specifications or data dictionary en- 
tries—in Teamwork SD. This lets a 
user, for example, select a module 
specification in Teamwork SD and 
review the performance characteris- 
tics of that module. 

Since code has already been devel- 
oped, back annotation is valuable 
primarily for documentation and 


The Source Frame 
Builder from Micro- 
case converts data 
dictionary defini- 
tions into C decla- 
rations, as shown 
in the top portion 
of this source 
frame. The com- 
ment following the 
/* designator is 
taken from the 
module specifica- 
tion. If the user 
describes modules 
in C, that code can 
be installed in the 
source frame auto- 
matically, as shown 
in the bottom por- 
tion of the frame. 


B Documenting test data 
The Back Annotator comes into use 
after code has been compiled and is 
running on the target system. It takes 
advantage of two capabilities of the 
Software Analysis Workstation: code 
coverage and performance analysis. 
Code coverage defines the portions of 
a program that have been executed 
in real time during dynamic test runs. 
Performance analysis measures how 
much time has been spent executing 
various software modules. 

The Back Annotator lets users at- 
tach code-coverage and performance- 
analysis measurements to the appro- 


maintenance. “Test information is 
available in the same data base as 
the design itself. This enhances some 
of Teamwork’s traceability features,” 
says O’Brien. 

“Tf you choose to maintain code in 
Teamwork module specifications, 
you can have the design, the source 
code and the performance informa- 
tion all in one data base,” he adds. 

The Source Frame Builder and the 
Back Annotator are sold as a package 
for $1,995. They’ll be available on 
Sun-3 workstations at the end of this 
month and on Sun 386i workstations 
in December. O 
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ADVANCED 
CHOICE FOR 

MULTIPLE 
PLD DESIGN. 


For complex PLD designs, 
choose GATES™ Logic Synthe- 
sizer, Data |/O®’s most advanced 
PLD design software. 


ADVANCED DEVICE INDEPENDENT 
SPECIFICATION. The behavioral 
design specification in GATES 
gives you more flexibility by 
deferring device selection and 
implementation until the end of 
the design process. 


ADVANCED INTERACTIVE 
ENVIRONMENT. GATES gives 
you immediate feedback during 
every step of the design process. 


ADVANCED LOGIC SYNTHESIS. 

Use GATES factoring to combine 

common terms, and use smaller 

gates, so you can take advantage 

of the feedback and multi-level 

logic capabilities of the latest 

devices. 

ADVANCED PARTITIONING 

AND DEVICE SELECTION. Design 

without concern for the size or 

number of devices needed. 
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a group of outputs 

to partition; GATES PLD 

does the rest. em 
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Development Kit. 
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Introducing \ronics Am29000 Single Board Super Computer™ 


The 1V-9001 is the first board to bring super 
computer performance to VMEbus. 


RISC Technology 

Based on the AMD Am29000 RISC processor, 
the 1V-9001 attains a 17MIPS sustained instruc- 
tion rate. It delivers five to six times the performance 
of conventional CISC processors. 


MultiProcessing Architecture 

The 1V-9001 includes Ironics’ unique Multi- 
Processing Engine™ features and an advanced 
memory design that guarantees cache coherency for 
multiprocessing applications. 


100MByte/Second I/O 

A high-speed \/O gateway to the real-time world is 
available via an \/O daughter board interface. At 
1OOMButes/second, the 1V-9001 provides the 
fastest \/O connection to VMEbus systems. 


©1988 Ironics Inc. Me Spe 
Single Board Super Computer is a trademark of Ironics Inc. 


16MByte DRAM 

Local memory options match your applications up 
to 16MBytes. Cost effective DRAM daughter 
boards and an efficient cache architecture deliver 
maximum performance at the least possible cost. 


Comprehensive Software Support 
From industry standard compilers to advanced 
packages for auto-configuration of Real-Time 
MultiProcessing systems, the 1V-9001 has the soft- 
ware tools that you need. 


Real-Time Applications 

The IV-9001 expands the horizons for real-time 
applications. \t brings affordable super computer 
performance to systems for data acquisition and 
control, simulation, image processing, networking, 
and more. 


The new age is here. Call or write: tronics Incor- 
porated, Computer Systems Division, 798 
Cascadilla Street, Ithaca, New York 14850 Phone: 
(607) 277-4060 Telex: 705742 FAX: (607) 
272-5787 
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WANT TOTALK SCSI? 
CALL CIPRICO AT 
1-800-SCSI-NOW. 


Why talk SCSI with Ciprico? To start 
with, we're the only vendor with a complete line 
of high-performance SCSI host bus adapters 
for Multibus* I, VMEbus, and Multibus II. Each 
board was designed to optimize performance 
with its system bus. And consider our experience. 
Ciprico has over 50,000 boards installed world- 
wide. Our design expertise provides you with the 
highest possible performance at the lowest 
possible price. 

But that’s not all. Ciprico has 
respondability. We have the largest staff of 
customer support engineers in the industry to 
help you resolve any integration problems. Plus 
software drivers for all major operating systems. 

Our SCSI adapters are all based on 
an 80186 microprocessor, providing a command 
queuing, pass-through SCSI command soft- 
ware interface. Each board supports SCSI 
disconnect/reconnect and asynchronous and 
synchronous transfer rates of 2MB/s and 5MB/s 
respectively. And a floppy port is optional 
for cost effective system design. 

So if you're currently designing a system 
based on Multibus I, VMEbus, or Multibus II, RIMFIRE 3510 
give us a call to talk SCSI. oa paper for BPE 

/MEDUS 3 


Plymouth, MN 55441 
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CIPRICO LISTENS. AND RESPONDS. 
RIMFIRE 1500 RIMFIRE 2500 
SCSI Adapter for SCSI Adapter for 


Multibus® I Multibus* II 


Multibus is a registered trademark of Intel Corporation. 
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Innovative packages 
emerge to carry 
faster, denser chips 


Designers turn to VSOPs, 
TAB-based packages, 
multichip modules 

and programmable 
connection networks 

to support today’s 
increasingly complex ICs. 


Art DeSena 
President, ADS Associates 


D...... the past decade, the role 

of electronic packaging in most en- 
gineering organizations has grown 
from a relatively minor support func- 
tion to a major area of responsibility. 
A decade ago, the packaging effort 
accounted for about 5 percent of the 
total component design effort. But 
with today’s technology advances, 
packaging design accounts for as 
much as 30 percent of the total effort. 

“Building 25-mil packages and de- 
veloping a family of products to go 
into fine-pitch packages entails extensive package design effort. The materi- 
als used in the package, the handling equipment from lead trim all the way 
out through the test area, and even the manner in which devices are pack- 
aged for shipping are becoming more and more critical,” explains Charlie 
Hewitt, director of domestic assembly operations at Harris Semiconductor 
(Melbourne, FL). 

At the system level, more complex functional and performance require- 
ments dictate the need for more advanced microelectronic technology, which 
results in an increase in speeds, component densities, interconnect densities, 
power densities and design costs. To keep pace with these higher speed and 
higher power devices, the development of more sophisticated packaging tech- 
niques is necessary; thus, the success of future systems depends largely on 
the competence and forcefulness of device and system packaging engineers. 

These advanced technologies require new chip carriers that can handle in- 
creased IC pin counts. They also require structures that can accommodate 
the smaller 3- to 5-mil spacing between pins. Manufacturers of multilayer 
interconnect substrates and/or printed circuit boards are developing new 
manufacturing techniques that use new materials to produce assemblies that 
can cope with the smaller, higher density, higher speed and higher power 
devices. Techniques for dissipating the heat generated by these high-speed 
and high-power components must be considered early in the design cycle. 

Furthermore, the industry’s move from LSI to VLSI to the Department of 
Defense’s VHSIC (Very High Speed IC) I and II programs has brought 


Saas 
et 
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Mosaic Systems de- 
veloped its 1-in? 
Programmable Sili- 
con Circuit Board 
(PSCB) to handle 
today’s speed and 
density require- 
ments. An electri- 
cally programmable 
silicon substrate 
and connection net- 
work, the PSCB can 
mount components 
at 10 times the 
density of a two- to 
four-layer printed 
circuit board. 
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about an even greater increase in 
packaging requirements. The equiv- 
alent-gate count per chip has gone 
from 1,000 for LSI to over 50,000 for 
the VHSIC II program and is still in- 
creasing. Similarly, the die size has 
increased from LSI’s 100 mils to 500 
mils for VHSIC. There are typically 
16 to 28 I/O pins for LSI chips, 28 to 
60 pins for VLSI and 200 to 400 pins 
for the VHSIC program. Clock rates 
have also seen a dramatic increase, 
from 1 to 5 MHz for LSI to 50 to 100 
MHz for VHSIC. In addition, the typ- 
ical power dissipated in an LSI chip 
is between 0.5 and 1 W, while the 
power that must be dissipated in a 
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The very small outline package (VSOP) developed by Mitsibushi Ele 


outline package (VSOP) version of its 
high-performance, 256-kbit CMOS 
static RAM. With the VSOP having 
a footprint less than half the size of 
a standard 28-pin small outline pack- 
age (SOP), designers can pack twice 
as much memory into system pack- 
ages in which space is critical. The 
VSOP also comes in a reverse ver- 
sion, which is a mirror image of the 
normal pin-out and allows for ease of 
design for double-sided boards. 


Bf New package concept uses TAB 

A new package concept, Tapepak, 
uses tape automated bonding (TAB) 
technology. Tapepak has been devel- 


es. 


ctronics’ Semicon- 


ductor Division for its 256-kbit CMOS static RAM has a footprint that’s less than half the 
size of a standard SOP and is drastically smaller than a Skinny DIP or standard DIP. This 
reduced size lets designers pack much more memory into a system package. 


VHSIC chip ranges from 4 to 6 W. 
“We’re still looking very heavily at 
68-, 84-, 120- and 144-lead pin counts 
on pin grid arrays. And it’s going to 
jump up to 180,” notes Norm Allard, 
manager of marketing and sales at 
General Electric Ceramics (Chatta- 
nooga, TN). “We’re also looking at 
220- and 240-lead pin counts, which 
seem to be the next group coming.” 
GE Ceramics produces multilayer 
ceramic packages, substrates and 
chip carriers. The chip carriers are 
available in multilayer and single- 
layer designs with standard lead 
counts from 16 to 84 I/O pins and cen- 
terline lead spacing of 40 and 50 mils. 
Recently, the Semiconductor Divi- 
sion of Mitsubishi Electronics (Tor- 
rance, CA) announced a very small 


oped by National Semiconductor 
(Santa Clara, CA) to meet the needs 
of very high density packaging. Two 
major innovations in packaging tech- 
nology account for Tapepak meeting 
the latest requirements, according to 
Jim Walker, surface-mount packag- 
ing marketing manager at National. 
“The first innovation is a protective 
carrier ring that surrounds the leads 
outside the actual device,” claims 
Walker. “It’s molded at the same time 
as the package body and provides 
protection for the leads through han- 
dling and board manufacturing pro- 
cesses. The carrier ring also supports 
the outer test points of the package. 
The second innovation is a metal 
tape that’s used for the leads at- 
tached to the die, the external leads 
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and the expanded center test points 
at the edge of the outside ring.” 

The Tapepak component packaging * 
technique was developed to satisfy 
the technology demands of existing 
and future surface-mount devices, 
with their smaller dimensions and 
higher densities. It uses TAB tech- 
nology to produce a low-cost, high- 
density and highly damage-resistant 
package with improved reliability 
and testability features not found in 
present-day surface-mount devices. 
Existing surface-mount devices, 
mainly SOPs and PLCCs, provide 
solutions for lead counts up to 84 
leads. But above 84 leads, the large 
size of the PLCC presents difficulties 
in surface-mount assembly. 

Other high-density packaging al- 
ternatives, such as chip-on-board, are 
space-effective but difficult to auto- 
mate. The plastic quad flatpack has 
handling and test problems, while 
the pin grid arrays are large and 
can’t be surface-mounted. 

Tapepak evolved as the logical way 
to use die-on-tape in a testable, high- 
ly reliable configuration in which the 
attachment to the board didn’t de- 
pend upon the die-bonding process. 
Tapepak uses tape to connect to the 
die, provides the leads to be attached 
to the printed circuit board and pro- 
vides test points in a ring surround- 
ing the package. 

Tapepak uses a 2-0z (56 gm), 0.028- 
in. (0.07 mm) thick, etched single- 
layer copper tape as the leadframe, 
bonding medium and test point medi- 
um. During preparation, the copper 
tape leadframe is etched to produce 
bumped fingers on the inner lead 
area that correspond to the bonding 
pads on the target die. A finished 
wafer is prepared for Tapepak by 
forming a multilayer metallic cap 
over the bonding pads on the dice. 
The copper tape leadframe is then 
thermal-compression-bonded in a 
single “gang-bonded”’ step. This die- 
on-tape strip is molded to produce the 
package and its protective outer ring 
simultaneously. 

Very high lead counts are possible 
with Tapepak. Existing packages 
have a 20-mil pitch and can accom- 
modate 220 leads. National is plan- 
ning future packages that have 15- 
mil and 12-mil pitches that can ac- 
commodate up to 284 and 360 leads, 
respectively. Also significant are the 
test points on the outer protective 
ring. These test points flare out from 
the 20-mil centers of the internal de- 
vice leads to 50-mil centers, making 


H igh-speed ECL 
gate arrays, dis- 
sipating approxi- 
mately 1 mW/gate, 
have required heat 
sinks for a number 
of years. Evena 
2,500-gate device, 
which dissipates 
2.5 W, needs a heat sink. And now 
high-performance CMOS gate arrays, 
with their increased size, density and 
speed, are also requiring heat sinks. A 
10,000-gate CMOS device dissipates 2 
W at 16 MHz, anda 50,000-gate device 
dissipates 10 W at the same frequency— 
and the heat generated in each device 
increases proportionately as the operat- 
ing frequency increases. 

ECL and CMOS gate arrays with high 
gate counts are generally packaged in 
pin grid arrays (PGAs), which provide a 
large number of I/O pins per printed cir- 
cuit board surface area. Heat sinks are 
either adhesive-bonded or mechanically 
attached to the top mounting surface of 
the PGA. The power dissipation level, 
the airflow and the physical volume 
available determine the heat sink’s con- 
figuration. In most low-power cases, a 
heat sink with a wide margin of safety is 
selected, since it will easily fit into the 
space available. 

But as power dissipation increases, 
designers must select a heat sink that 
will dissipate the required wattage 
within the space and airflow constraints. 
By examining the thermal performance 
of heat sinks in various mounting, space 
and airflow configurations, the right 
heat sink can be selected. Three types of 
aluminum heat sinks were evaluated by 
the test lab at Thermalloy (Dallas, TX): 
round and square multi-fin omnidirec- 
tional heat sinks; extruded heat sinks; 
and pin-fin heat sinks. 

The thermal performance of a heat 
sink is its thermal resistance value, 
generally given in °C per watt (° C/W) 
dissipated from the heat sink. Alower 
resistance value indicates better ther- 
mal performance. 

A 149-pin ceramic, cavity-down PGA 
(15-x 15-pin array) with appropriate 
heat sinks was selected by Thermalloy 
as the thermal model because it’s the 


most commonly used PGA that requires 
a heat sink, particularly at high-power 
levels. The range of heat sink thermal 
resistance requirements for low power 
(1 to 2 W) is 76° to 36° C/W; medium 
power (2 to 8W) is 36 °to 2.4° C/W; 
and high power (8 to 18 W) is 7.4° to 
0.8° CW. 


8 Comparing heat sinks 
Omnidirectional heat sinks with vari- 
ous configurations of fin spacing were 
evaluated. Since wider fin spacing im- 
proves performance in natural convec- 
tion or lower air speeds, the heat sinks 
with only two or three fins and 
0.125-in. fin spacings had the better 
performance. The heat sinks with four 
fins had more sur- 
face area, but be- 
cause they had 
smaller (0.031-in.) 
spacings between 
fins they didn’t 
have the better 
performance until 
applications. the air speed was 

increased to 600 

ia | ft/min. 

Another factor 
to consider with small fin spacings is 
blocking of airflow to downstream 
heat sinks or components. In cases where 
it matters how much airflow is being 
blocked, wider fin spacings should be 
used regardless of the air speed. 

Comparisons of round and square 
omnidirectional heat sinks revealed 
that a square heat sink will provide a 5 
to 10 percent improvement in perfor- 
mance over a round heat sink with 
similar dimensions. 

An extruded heat sink and a pin-fin 
heat sink were also tested in various 
configurations, each one having a 
mounting base of 1/2 «1% in., a 
height of 0.65 in. and a base thickness 
of 0.2 in. The extrusion had 10 fins; 
the pin fin was formed by milling cuts 
in the extruded heat sink, making a 
10- x 12-pin array. 

The heat sinks were tested in natu- 
ral convection, conventional flow and 
impingement. (In impingement cool- 
ing, the airflow is into the face of the 
heat sink in a direction perpendicular 


For high-power 
levels, a pin-fin 
heat sink with 
impingement 
cooling is 
needed for 
most 
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to the mounting surface.) 

The pin fin had better thermal per- 
formance in all configurations, with 
the greatest percentage increase over 
the extrusion occurring in impinge- 
ment cooling. Comparisons to om- 
nidirectional heat sinks, meanwhile, 
revealed that while the pin-fin heat 
sink had only slightly better perfor- 
mance in convection and conventional 
forced convection, it had 40 to 50 per- 
cent better performance with impinge- 
ment cooling. 


Wf Selection criteria 


For low- or medium-power dissipation 
levels, an omnidirectional heat sink or 
an extruded heat sink is adequate. 
Natural convection may be used for 
the low-power levels, while forced 
convection is needed for most medium- 
power levels. But for high-power lev- 
els, a pin-fin heat sink with impinge- 
ment cooling is needed for most 
applications. The size of the heat sink 
depends on the semiconductor junc- 
tion temperature and the ambient 
temperature as well as the power level 
to be dissipated. 

There are many trade-offs that a de- 
signer should consider when selecting 
a heat sink. For example, a pin-fin 
heat sink is more expensive than both 
omnidirectional and extruded heat 
sinks, so it should be chosen only 
when the additional cooling perfor- 
mance is needed. An omnidirectional 
heat sink has an advantage over an 
extruded heat sink, since the orienta- 
tion of the airflow isn’t critical in om- 
nidirectional heat sinks. And because a 
round omnidirectional heat sink is less 
expensive than a square one, a square 
omnidirectional heat sink should be 
used only when the performance re- 
quirements warrant it. 

Since heat transfer depends on 
many variables in a packaging system, 
designers are advised to use heat sink 
thermal resistance values as only a first 
step in determining the thermal per- 
formance of their systems. A thermal 
test performed under actual operating 
conditions is essential before commit- 
ting to a final heat sink design and 
cooling configuration. 
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them compatible with existing sur- 
face-mount equipment such as that 
used for SOPs and PLCCs. 


Bf The interconnection package 
As VLSI and VHSIC technology find 
their way into system designs, the 
chip carrier and other component 
packages such as multichip modules 
and multilayer printed circuit boards 
will play an ever-increasing role in 
the size, speed and performance of 
electronic systems. With rise times in 
the sub-picosecond range for ECL 
and low nanosecond range for high- 
speed CMOS, interconnecting signal 
paths between ICs can no longer be 
treated as a simple mechanical con- 
nection. They must be considered as 
transmission lines, where character- 
istic impedance, crosstalk and pro- 
pagation delay become essential par- 
ameters determined primarily by the 
geometric layout of, and the materi- 
als used to construct, the intercon- 
nection assembly and package. 

Ever-increasing demands, there- 
fore, have been placed upon intercon- 
nect manufacturers to develop new 
packaging techniques. Because of the 
emergence of gallium-arsenide, mi- 
crowave and ECL technologies, con- 
trolled impedance matching is 
required to ensure the integrity of 
high-frequency performance. 

A typical method of accomplishing 
a high-density design is to elimin- 
ate the relatively bulky IC package. 
Bare chips are combined with other 
active and passive components on a 
substrate to form a compact custom 
hybrid circuit. Thick- or thin-film in- 
terconnections are used to intercon- 
nect these circuits, providing a high 
level of interconnection density. And 
recent developments in polyimide/ 
copper interconnection substrates 


GROUND 
DOT MATRIX 


50% METAL 
50% POLYIMIDE 


DIELECTRIC 


SOLDER PAD 


have provided the ability to intercon- 
nect several high-lead-count VLSI 
chips while still maintaining signal 
and noise integrity. 

In the late 1970s, the Microtec di- 
vision of Augat, which has since been 
purchased by Rogers (Chandler, AZ), 
made a major commitment to serve 
the high-frequency performance 
needs of the packaging interconnect 
industry. Based upon polyimide mul- 
tilayer technology, an additive pro- 
cess from Microtec gives the design 
engineer a degree of performance in 
interconnect circuitry that works 
well with high-frequency devices, 
such as GaAs and ECL. The process 
that Rogers uses to build its Microtec 
Multichip Modules is unique, based 


A typical method 
of accomplishing a 
high-density design 
is to eliminate the 
bulky IC package. 


upon fully sequential lamination of 
polyimide and the electroplating of 
conductors. The electroplating of con- 
ductors is different from the thin-film 
polyimide process that uses sputter- 
ing or vacuum deposition of copper, 
according to Steve Lockard, market 
development supervisor at Rogers. 
“Tt’s not that we’re using polyimide 
that’s unique; it’s the combination of 
sequential laminating and the elec- 
troplating of copper,” says Lockard. 
“Tt offers us the ability to create very 
fine lines while still being able to 


Using Microtec’s additive process for constructing polyimide multilayer laminate 
boards, vias can be developed that start and stop between any combination of layers. 
Selected vias that go from the top to the bottom of the module are thermally conductive 


for better control of heat management. 
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use thick copper, which means that 
in ECL applications, resistive drop 
through conductors aren’t too severe, 
making the electrical characteristics 
better. It also helps the heat-transfer 
capabilities of the module.” 

ias (through-holes that intercon- 
nect various layers in a multilayer 
printed circuit board) can be created 
that start and stop anywhere as re- 
quired within the multilayer struc- 
ture. Some of those vias can go from 
the top to the bottom of the module 
and can be thermally conductive vias 
to a metalized backer for better con- 
trol of heat management. Heat trans- 
fer is especially critical in high-speed 
CPU modules that use a lot of ECL 
circuitry and produce very high wat- 
tage per module. One very important 
heat-transfer issue is how to efficient- 
ly dissipate the heat generated. 

The Microtec process involves com- 
bining sequential layers of polyimide 
(insulating layers) with plated fine 
line copper conductor and via inter- 
connect layers, which requires spe- 
cial high-resolution artwork to photo- 
image the complex multiple pat- 
terns. Conductors are then elec- 
troplated to specific line widths and 
thicknesses, and locating copper via 
layers are created for layer intercon- 
nect and/or thermal heat sinking. 
The materials are permanently fused 
by heat and pressure at each added 
layer (lamination). Extremely fine 
traces can be developed using the 
Microtec process, where 0.002-in. 
lines with 0.003-in. spaces can be 
made for surface layers and 0.004-in. 
lines with 0.006-in. spaces can be 
made for buried layers, permitting 
substrate miniaturization and re- 
duced crosstalk. 

Another unique feature of Micro- 
tec’s additive process is that conduc- 
tive walls can be built to surround a 
signal line. According to Lockard, 
these walls can be brought up to the 
ground plane layers and can create a 
rectangular coax around the signal 
line, insulating the signal from any 
outside interference. 


B Multichip modules improve ICs 


Constantly seeking ways to increase 
the functionality and shrink the size 
of the products they build, designers 
are exploring the use of multichip 
modules to interconnect ICs. The ICs 
are then mounted on a printed circuit 
board to achieve smaller size and im- 
proved functionality. “Many design- 
ers have incorporated multilayer, 
dual-sided, surface-mounted boards 
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as the solution for some of their inter- 
connect problems,” notes Steve 
Sharp, director of applications at 
Mosaic Systems (Fremont, CA). “The 
cost for these boards can be from $10 
to $20 per square inch and the devel- 
opment cycle can be very long. The 
use of multilayer ceramic hybrids is 
a possible solution, but they’re also 
costly, have long manufacturing cy- 
cles and can’t realize the component 
densities needed.” 

Mosaic Systems has developed the 
Programmable Silicon Circuit Board 
(PSCB), a proprietary high-density 
interconnect system, to replace print- 
ed circuit boards, hybrid circuits, 
surface-mount interconnect technol- 
ogy and other interconnect solutions. 
The PSCB is an electrically program- 
mable 1-in.* silicon substrate and 
connection network. The small size 
and high density of the PSCB make 
it ideal for applications where size 
and speed are critical. “In fact, the 
PSCB can mount components at 10 
times the density of a conventional 
two- to four-layer printed circuit 
board and three times the density of 
a six- to 10-layer ceramic substrate,” 
claims Sharp. 

In addition, the PSCB lets manu- 
facturers drastically reduce high 
start-up costs and lengthy turn- 
around times, since customized 
boards are created by electrically 
programming off-the-shelf parts. 

Mosaic’s PSCB eliminates up to 95 
percent of the discrete wiring and 
mechanical connections required by 
conventional circuit boards, since the 
PSCBs replace the fixed wire connec- 
tions within the silicon and eliminate 
the need to add distributed high-fre- 


quency decoupling capacitors be- 
cause of the dielectric effects of the 
insulation between voltage, ground 
and signal planes. 


8 No termination resistors 
The PSCB’s use of “lossy lines” elim- 
inates the need for termination resis- 
tors. Under the lossy line principle, 
the inherent line resistance is used 
as a built-in series terminator, elim- 
inating the need to include separate 
resistors for termination. For the 
short distances across PSCBs (a few 
millimeters), attenuation effects are 
insignificant, so signal propagation 
delays are effectively the same as for 
loss-less lines. The elimination of 
ringing and signal reflection compen- 
sates for any additional delays. 
The PSCB’s substrate consists of 
four internal metal layers and a sur- 
face layer of bonding pads, with each 
metal layer separated by an insulat- 
ing dielectric layer of silicon dioxide. 
The two bottom layers are solid pow- 
er and ground planes permanently 
connected to corresponding power 
and ground pads on the substrate 
surface. The interconnection net- 
work is formed by depositing a ma- 
trix of microscopic signal lines on the 
silicon substrate, with the two layers 
of signal lines at right angles to each 
other. The points where the two meet 
are potential vertical signal paths. 
These crossover points are called 
programmable vias because design- 
ers can change their conductivity 
from open circuit to short circuit by 
applying a programming voltage. 
Each 1-in.? PSCB contains 101,061 
programmable vias composed of 
amorphous silicon, a material that 
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By connecting two 
of its 1-in.2 Pro- 
grammable Silicon 
Circuit Boards 
through its multi- 
chip module inter- 
connection tech- 
nology, Mosaic 
Systems has devel- 
oped a memory 
board that includes 
1 Mbyte of cache 
memory, a 32-bit 
microprocessor 
and memory con- 
trol chips. 


has very high resistance. But when 
a voltage above a certain threshold is 
applied, the amorphous silicon per- 
manently forms a crystalline fila- 
ment with very low resistance. By 
selectively programming specific 
vias, electrical paths can be created 
to implement a circuit. 

Bare dies, rather than packaged 
ICs, are then bonded to the surface 
with epoxy and connected to the 
board with traditional ultrasonic 
wire-bonding techniques. The bond- 
ing pads on the PSCB let the de- 
signer cluster ICs, reducing signal- 
line delays and increasing circuit 
speed. After wire bonding, the PSCB ~ 
can be bonded into an industry- 
standard, large-cavity package. ( 
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ASIC memories: 
bigger, faster, and customized 


Warren Andrews, Contributing Editor 


The goal? Develop 
super-performing 
specialty memories. The 
strategy? Revamp cache, 
FIFO and SRAM 
architectures, and 
design entirely new 
forms of ASIC memory. 


emory architecture and 
the associated processor-to-memory 
interface are rapidly becoming the 
most critical aspects of system de- 
sign. Driven by increasingly faster 
microprocessor cycle times, by a wide 
spectrum of reduced-instruction-set 
computers advancing system perfor- 
mance, and by the use of multiple 
processors to speed up applications, 
memory subsystems have taken ona 
totally new complexion. In a time 
when many hardware designs— 
buses, operating systems, peripherals 
and interfaces—are becoming stan- 
dardized, memory architecture is one 
of the remaining few areas where 
designers are still able to differenti- 
ate their products from the masses. 
As aresult, new, clever architectur- 
al innovations in the process-to-mem- 
ory interface are providing signifi- 
cant performance boosts for users. 
Fueling the need for new memory 
architectures, entire families of appli- 
cation-specific or specialty memory 
chips are emerging. These include 
memory with on-chip intelligence 
and control logic; multiported mem- 
ory; and buffer memory that resem- 
bles a bus interface. The rule behind 
the design of these specialty memory 
chips is simple: The faster, the better. 
In some cases, entire memory sub- 


systems have been defined on a sin- 
gle chip. And to provide flexibility, 
designers are also beginning to incor- 
porate programmable features into 
these subsystems. 

Heading the list of new specialty or 
ASIC memory products are cache 
tags; first-in, first-outs (FIFOs); data 
caches; dual and multiported RAM; 
and registered or synchronous static 
RAM. Though the names of these 
products sound familiar, today’s ver- 
sions bear little resemblance to their 
precursors of only a few years ago. 
FIFOs, for example, are no longer 
simple shift registers, but have 
evolved into complete storage sub- 
systems. They’ll soon be available 
with bidirectional ports, programma- 
ble depth and status flags, wide word 
lengths, and other control functions. 
In addition, entirely new types of 
application-specific memory are 
starting to emerge, ranging from 
digital-to-analog converters with 
RAM (RAMDACs) to complete, pro- 
grammable memory subsystems. 


Bf Speed requires new architectures 
ASIC memory is a relatively recent 
phenomenon. Less than a half-dozen 
years ago, Texas Instruments (Hous- 
ton, TX) rocked the dynamic RAM 
boat when it introduced the indus- 
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try’s first dual-ported DRAM, known 
as video RAM (VRAM). This device 
consisted of conventional DRAM 
cells with two ports: a parallel port 
that lets data be written to and read 
from the device normally, and a sec- 
ond port that’s connected to a high- 
speed internal shift register so the 
chip can turn out serial data at video 
rates. The success of T’s VRAM can 
be measured by its number of imita- 
tors—almost every major DRAM 
manufacturer now makes some form 
of VRAM. VRAMsS are widely used in 
almost every advanced graphics sys- 
tem, as well as in a host of other 
applications requiring the high- 
speed serial transfer of stored data. 

Though VRAM and other specialty 
DRAM products such as static- 
column RAM continue to proliferate, 
rapidly increasing processor speeds 
have begun to dramatically outpace 
DRAM access times. Inherent limita- 
tions in DRAM technology, parti- 
cularly regarding refresh times, 
severely curtail system performance. 
Microprocessor clock rates have in- 
creased from only 1 MHzor so to the 
25-MHz range in current generations. 
Devices clocking at speeds in excess 
of 30 MHz are already in sampling 
stages, and 40- and 50-MHz machines 
are just around the corner. 


In addition, the advent of RISC 
processors has further accelerated 
the need for faster memory. The abil- 
ity of RISC processors to execute one 
instruction each cycle has further in- 
creased demands on memory access 
times. The response has been the 
emergence of innovative memory ar- 
chitectures, often borrowed from 
minicomputer and mainframe de- 
signs and built for speed. 


B High-speed cache tags 

One innovative memory architecture 
is caching, the technique in which 
part of the data and/or instruction 
information in main memory is tem- 
porarily stored in very fast SRAM 
while the bulk of the data is stored in 
relatively slow DRAM. Cache ap- 
proaches use a high-speed storage 
medium to record the addresses of 
the data stored in the cache memory 
and to determine whether a particu- 
lar address called for by the program 
resides in cache memory or in main 
memory. This function has become 
known as tagging, and the devices 
that implement it are cache tags, also 
referred to as tag RAMs. Cache tags 
are made up of a limited amount of 
very fast SRAM, control logic and a 
comparator to determine matching 
addresses. If a cache tag finds a 
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The SN74ACT2155 cache tag from Texas Instruments is designed to provide a direct interface with the Motorola 68030 microprocessor. 
It combines 2 kwords of 9-bit memory, a comparator and necessary cache logic. The interface and handshaking functions let it take ad- 
vantage of the burst-mode capability of the processor. In addition, it has specific handshaking logic, including a pair of match outputs 


that speed cache operation. 


match, it’s called a cache hit; if a 
match isn’t found, it’s a cache miss. 

TI was one of the first companies to 
offer a cache-tag device, the TMS- 
2150, about four years ago. Now, a 
number of competitors also offer 
cache-tag products, including In- 
tegrated Device Technology (Santa 
Clara, CA), Saratoga Semiconductor 
(Cupertino, CA), Vitelic (San Jose, 
CA), VLSI Technology (San Jose, CA) 
and Fujitsu (Santa Clara, CA). 

A key characteristic of a cache tag 
is speed. If the cache tag can’t keep 
up with the processor speed, there’s 
little benefit from the faster proces- 
sor—or from the faster cache memory. 
““A cache tag simply tells the CPU if 
the data or instructions the processor 
wants are resident in high-speed 
cache,” says Steve Lau, marketing 
director for Saratoga Semiconductor. 


“But how it tells it is another story. 
‘How’ really refers to speed.” 
Because the processor knows 
whether there’s a cache hit or miss 
very early in its cycle and, in turn, 
knows where to find the data, the 
cache tag is located on a very timing- 
critical loop. In turn, designers gen- 
erally prefer the fastest products 
since the timing loop is so tight. 
While companies that make mem- 
ories traditionally have had to scram- 
ble to keep up with processor speeds, 
Lau claims Saratoga’s product is a 
little ahead of processor speeds. 
The industry is just starting to 
sample 33-MHz processors, which 
call for cache tags with a 15-ns ad- 
dress-to-output time. Saratoga offers 
four such cache tags: two 4-kword x 4- 
bit devices with a 15-ns response and 
two wider-word parts, measuring 2 
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kwordsx9 bits, that offer a 20-ns ac- 
cess. While there’s only a 5-ns differ- 
ence between the parts, that small 
difference could be critical. The 20-ns 
parts, says Lau, can accommodate 
25-MHz processors and even those 
close to the 30-MHz level. Integrated 
Device Technology (IDT) offers one of 
the largest caches, measuring 8 
kwordsx8 bits, but its speed will fall 
short of next generation’s demands. 

Saratoga increased both the speed 
and density of its cache tags through 
its proprietary BiCMOS process. On 
the CMOS side, the process incor- 
porates 1.5-micron drawn-channel 
lengths. The company is now shrink- 
ing the channel lengths to 1.2 
microns, which will reduce cell and 
die sizes by about 35 percent, accord- 
ing to Lau. While the shrink in the 
CMOS size provides a gain in density, 
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the increased speed is achieved in the 
bipolar side of the process. 

On Saratoga’s self-aligned bipolar 
CMOS (SABiC) process, the base 
width measures a scant 0.15 microns, 
resulting in a cut-off frequency of 6.5 
GHz. Bipolar devices are used 
throughout most of the chip’s high- 
speed paths and serve as line drivers 
for the CMOS memory array. A die 
shrink that’s underway for the bipo- 
lar devices (similar to the die shrink 
of the CMOS part of the process) is ex- 
pected to raise the cut-off frequency 
to around 10 or 12 GHz. 


Bf Desirable features a plus 

With cache tags, speed itself may not 
be enough. Designers are also look- 
ing for deeper caches, wider word 
widths and more control logic—all on 
a single chip. Saratoga’s 2-kwordx 
9-bit part, for example, while not 
keeping up in speed with the compa- 
ny’s smaller device, offers parity 
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check generation. This on-chip cir- 
cuitry can eliminate a number of ex- 
ternal devices that are not only more 
costly, but chew up valuable time 
with internal propagation delays and 
on-and-off chip delays. 

In addition to speed and density, 
the quest to include other desirable 
characteristics in their cache tags 
has sent vendors scrambling in every 
direction. Since different processors 
tend to have different ways of imple- 
menting caching, a processor-specific 
cache tag—although limited in range 
of usability—attains the highest pos- 
sible performance, according to TI’s 
Chris DeMonico, strategic market- 
ing manager for VLSI products. TI’s 
SN74ACT2155 cache tag, for exam- 
ple, is specific to the Motorola 68030. 
By incorporating such features as 
burst-mode addressing and specific 
processor handshaking logic, the 
SN74ACT2155 is able to perform far 
faster than if the same functions 
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were implemented in discrete logic, 
even though the raw device speed 
may be somewhat slower. 

Various differences in processors, 
particularly between the Intel and 
Motorola architectures, make for a 
wide range of cache-tag designs. 
Motorola’s processors, for example, 
call for a deep but relatively narrow 
cache, while Intel’s family of proces- 
sors work better with a shallower but 
wider cache. To complicate the issue 
even more, there are a variety of 
cache controllers available, each 
with its own caching algorithm, and 
handshake and control logic. In addi- 
tion, many designers have elected to 
design their own ASIC cache con- 
trollers, which demand even more 
flexibility from cache-tag chips. 

“While there’s a tendency for cache 
tags to be processor-specific,” says 
DeMonico, “‘there’s also a need for 
them to offer the system designer 
complete flexibility. Ask 100 design- 


Fujitsu's MB81C50 
cache tag is 
designed to be 
relatively processor- 
independent, un- 
like Texas Instru- 
ments’ SN74ACT- 
2155. It’s designed 
as a two- or four- 
way set-associative 
device, also unlike 
the TI device. 
Twenty of the 
cache tag's 23 bits 
are address bits, 
and the remaining 
three are for valid- 
ity and parity. 
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ers how to design a cache, and you'll 
get at least 100 different answers. 
Much of a system designer’s time is 
spent designing the memory inter- 
face.”” DeMonico sees a need to main- 
tain a flexible building-block ap- 
proach to cache tags so that design- 
ers have a range of alternatives. To 
respond to the need for flexibility, TI 
offers around a dozen different cache 
tag products. 


Bl A processor-independent device 
Fujitsu took a somewhat different 
path from TI by providing a more 
processor-independent cache tag 
that’s designed to be more specific in 
the type of caching technique. The 
company’s premier cache tag product 
is a four-way, set-associative cache 
providing a 2-kword x 23-bit organi- 
zation and a 25-ns address-to-output 
time, says Ravi Sethi, product mar- 
keting engineer. Used as a four-way 
cache, each set would have a maxi- 
mum of 512 bits, and 1,000 bits when 
used as a two-way device. 

The 23 bits include 20 tag bits and 
3 bits for validity and parity. The de- 
vice includes internal parity genera- 
tors and uses a least recently used al- 
gorithm as 6 bits by the entire array. 
It also includes a chip-enable signal 
to permit daisy-chain configurations. 

Though barely off the ground with 
its first part, Fujitsu is already look- 
ing to the next generation. Scheduled 
to appear early next year, the second- 
generation cache tag will probably be 
fabricated in Fujitsu’s BiCMOS pro- 
cess and will drop access-to-output 


Variation ona 
themeisoneofthe | 
tenets of specialty 
memory. In its fam- 
ily of parallel-in, 
serial-out first-in, 
first-outs, Integrat- 
ed Device Technol- 
ogy converted a 
conventional x 9 
FIFO into a serial 
output device. In 
addition, it includ- 
ed flags for empty, 
full, almost empty 
and almost full. 


time from 25 ns to around 15 ns. The 
basic chip architecture is relatively 
well suited to a write-through scheme, 
says Sethi, and Fujitsu is planning to 
add other features including a copy- 
back function. 

While Fujitsu’s approach is per- 
haps not the most efficient, tech- 
niques such as write through and 
copy back are easy to use, and make 
it simpler to maintain coherency be- 
tween the data sets. In a copy-back 
scheme, if something is changed in 


“While there’s a 
tendency for cache tags 
to be processor-specific, 
there’s also a need for 
them to offer the system 
designer complete 
flexibility.”’ 


—Chris DeMonico, Texas Instruments 


the cache, it’s immediately changed 
in the main memory, making it 
unnecessary to keep track of the 
changes for subsequent writing to 
the main memory. While the copy- 
back scheme creates some additional 
bus traffic, it’s both effective and 
relatively easy to implement provided 
the system isn’t being pushed to max- 
imum performance. In just about 
every design process, according to 
Sethi, there are always some trade- 
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offs that have to be made. 

According to Sethi, it’s easy to end 
up with a cache tag that has all kinds 
of cache-controller and bus functions. 
Many of the decisions regarding how 
many functions will be included on- 
chip are influenced by package con- 
straints, price and the economics of 
die size. Fujitsu plans to create at 
least two other chips, therefore, to 
handle additional features such as 
controller functions, bus monitoring 
and bus-transfer schemes. Such con- 
trol chips could eliminate much of 
the glue logic associated with proces- 
sor interface, direct memory access 
control and cache interface. 


i Future cache tags 

While there’s little agreement on ex- 
actly what functions will be included 
in future cache tag architectures, 
there is consensus that the parts will 
continue to increase in speed and 
density. Typical cache designs for a 
68030, for example, require three or 
four 4-kwordx 4-bit devices to make 
up the total cache-tag size of 4 
kwordsx 12 or 16 bits. Next-genera- 
tion devices will incorporate the en- 
tire cache tag on a single chip, pre- 
dicts Saratoga’s Lau. Other cache re- 
quirements, such as those for the In- 
tel 80386 family of microprocessors, 
for example, call for a shallower, but 
wider, organization. Lau predicts 
that chips measuring 512 wordsx 39 
or 60 bits wide will fit the Intel 
processor’s architecture far better 
than cascading existing chips. 

As far as speed is concerned, exist- 
ing parts will have to keep up with 
decreasing processor cycle times. In 
addition, some superminicomputers 
are creating the demand for even 
faster times. While current-genera- 
tion devices have TTL outputs, Sar- 
atoga is now developing a device that 
will incorporate ECL outputs and 
provide access times that are well be- 
low the 10-ns level. 

Gallium-arsenide isn’t likely to be- 
come a mainstream technology for 
cache tags in the foreseeable future, 
outside of the superminicomputer 
realm, predicts Lau. The state-of-the- 
art in GaAs memory density is now 
at about the 4-kbyte level with 3-ns 
access times. A cache-tag application 
would add intrinsic delays of 2.5 to 
3.5 ns for a TTL interface, and the re- 
sult would be a 4k cache tag with an 
access time of about 7 ns. Assuming 
that a 16k BiCMOS part and 4k Ga- 
As, for example, would cost the same, 
the user would end up with a cache 
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lithium battery. 
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yy Our new user replaceable lithium bat- 
teries are so well-designed...so reliable, 


that once you design one in, forgetting it 
is about all there’s left for you to do. No 
leads. No soldering. 

Because now users can replace the 
battery themselves...quickly and easily. 
Leaving your technicians free to handle 
more important jobs. 

And with their long life, high energy den- 
sity and wide temperature operating ranges, 
our batteries will still be hard at work 
long after you've forgotten them. We've 
already proven that with more than 10 
years of reliable performance. 

As for delivery, our 3 volt single cell and 
6 volt dual cell batteries are available 
‘right now. In the quantities you need. 


All of which helps to explain why they’re 
chosen by world leading computer and 
camera manufacturers. 

Panasonic® replaceable lithium bat- 
teries...designed to be forgotten. 
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Daisy’ standard 
now runs onan 


Introducing the 
Advansys Series” of 
high performance 
CAE workstations. 


Now the electronic design environ- 
ment you’ve dreamed of is here. 

Because the most advanced design 
tools in the world now run on the 
world’s most advanced standard 
platform. 

The Sun 3862” 

We call it the Advansys Series. 
And it encompasses 
some of the most 
powerful design tools 
ever developed. Plus a variety of 
affordably priced workstations. 
Including the 20 MHz and 25 MHz 
Sun 3867, as well as Daisy’s own 
LOGICIAN*® 386 and the newly 
enhanced Personal LOGICIAN™ 
386. All share a standard system 
level environment, featuring UNIX? 
advanced X Window System 
graphics, Sun’s NFS” distributed file 
system and standard TCP/IP 
communications. 

Now you can get the workstation 
performance and flexibility you’ve 
demanded for your desktop. Includ- 
ing up to 5 MIPS of processing 
power, high resolution graphics 
display and an integrated UNIX/ 
DOS environment. 

Even better, all these advanced 
workstations run Daisy’s field- 
proven Advansys software packages. 
Eight turnkey tool sets that meet all 
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the demands of real world electronic 
design. Everything from design 
entry to digital and analog simula- 
tion, IC and PCB layout, fault 
simulation and test tools. 

But with Advansys, your capabil- 
ities don’t stop at your desktop. 
Because Daisy’s unique network 
computing concept lets you create 
an affordable team design environ- 
ment incorporating a wide range of 
powerful network resources. 

Like Daisy’s MegaLOGICIAN*— 
) the most widely used 
» simulation accelerator 
ever created. Or the 
brand new GigaLOGICIAN™ with 
up to 30 times greater performance. 

For complex system simulations, 
there’s Daisy’s PMX* the most popu- 
lar physical modeling system in 
use today. 

You can also link with network 
servers like the Sun-4™ based XL 
Server for analog simulation or PCB 
routing. And Daisy lets you access 
all this power simply by opening a 
window on your Advansys desktop 
workstation. Eliminating file trans- 
fers and other time consuming 
bottlenecks. 

To find out more about the new 
Advansys Series, call Daisy today 
at 1 (800) 556-1234, ext. 32. In 

California: 1 (800) 441-2345, ext. 32. 

We're raising the standard of 

excellence for electronic design. 
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N1100 PLUS N9200 
UNIBUS’ USERS VMEbus ANALYZER 


FEATURES FEATURES 
= 4 Mbytes DRAM = 2K trace buffer stores 96 VMEbus signals 
= 8 KBytes Cache = 4 user defined events which control trace storage 
= Hardware Floating Point ® Synchronous/asynchronous sampling at 20 MHz 
= Memory Management = Bus interval and events elapsed timer 
® J-11.* Power for optimum performance = Direct Read of power supply voltage 
® Fits all existing CPUs — No backplane change = Standard RS232 ASCII interface 


FOR SPECIAL PRICING ON N1100, CALL OLIVIA AT 
(800) 233-1837 IN CALIFORNIA (714) 261-8811 


“UNIBUS and *-11 are registered trademarks of DIGITAL EQUIPMENT CORPORATION 
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with one-quarter the density and 
only twice the speed. In the mean- 
time, BiCMOS devices are rapidly in- 
creasing in speed and will soon reach 
the 12-ns access time range. GaAs 
cache tags with ECL I/O will proba- 
bly find limited application in super- 
minicomputers, Lau predicts. 

Although cache tags and cache 
RAMs could benefit from some tight 
coupling, the number of different 
cache approaches dictates that the 
SRAM used for data memory be more 
flexible. Therefore, designers of 
cache tags and cache RAMs use more 
conventional SRAM. Fujitsu had 
originally planned to introduce a 
specialized cache data RAM along 
with its cache tag, until the company 
realized that designers required 
more flexibility. For the same reason, 
single-chip approaches incorporating 
cache RAM and cache tags are unlikely 
to be integrated on the same device 
in the near future, with the exception 
of some low-performance systems. 
However, cache subsystems includ- 
ing cache tags, cache RAM, other 
logic control functions and perhaps 
even acache controller will start ap- 
pearing on modules. 


Bi The evolution of FIFOs 

Faster processors and new processor 
architectures are putting demands 
on more than just cache tags and 
main memory. FIFOs, for example, 
are becoming widely used for a num- 
ber of applications. As newer system 
architectures require processor-to- 
processor and processor-to-peripheral 
communications, they create the de- 
mand for some kind of buffer device. 
The answer has been a large FIFO. 

The FIFOs of the early 1980s con- 
sisted of a simple shift register of 16 
wordsx4 or 5 bits, says Jeff Hall, 
FIFO marketing manager for IDT. 
Their function was that of a very sim- 
ple buffer, and they were mostly used 
in telecommunications, data commu- 
nications and some data-acquisition 
systems. But the advent of high- 
speed processors and multiprocessing 
has created a demand for high-speed 
interprocessor communications and 
a high-speed processor-to-peripheral 
interface. And the approach to FIFOs 
has taken a new turn. 

The newest breed of FIFOs, which 
started appearing in 1984, offer in- 
creased density with from 512 bits to 
4 kwordsx9 bits. Such parts are 
parallel-in, parallel-out standard 
FIFOs with no addressability. Based 
on an SRAM-type pointer architec- 
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Saratoga Semiconductor plans to introduce a new 36-bit first-in, first-out buffer 
incorporating 36-bit-wide bidirectional ports. The proprietary architecture includes a 
variety of control logic functions, such as parity error and status flags. 


ture, they use read and write 
pointers, resulting in a very fast fall- 
through time—after a word is written 
in, it can be read out with only a sim- 
ple delay. This has represented a shift 
in the way systems can be designed. 
With the smaller, shift-register-based 
FIFOs, the designer had to worry 
about the serial delay as data bub- 
bled through the shift register. Now, 
with the more flexible, pointer-based 
FIFOs, data can appear almost im- 
mediately at the output with close to 
zero fall-through time. 

In addition, the latest generation of 
FIFOs contain other logic functions, 
such as expansion logic to increase 
their depth and width, parity bits 
and parity generation, checking 
logic, and an assortment of other con- 
trol logic to make the parts easier to 
use. One of the most useful recent in- 
novations in FIFO functions is the 
half-full flag, introduced less than 
two years ago. Before the introduc- 
tion of the half-full flag, the system 
would only know if the FIFO was 
empty or full. Now, the chip can give 
the processor warning when the buf- 
fer approaches either under run 
(empty) or over run (full). 

FIFOs, like cache tags, cache 
RAMs and other specialty memory, 
reside in speed-critical microproces- 
sor loops. Performance, therefore, is 


one of the key parameters. Saratoga 
is the current speed leader, claims 
Lau, with FIFOs capable of steaming 
along at a swift 50 MHz. 


B Newapplications, architecture 


FIFO architectures are about to 
make another major transition, per- 
haps as great as the move from shift- 
register-based parts to SRAM-based 
devices. This change will be both in 
architecture and in applications. 
Applications will expand from largely 
telecommunications, data acquisition 
and some data communications to be- 
come a more integral part of the cen- 
tral processing system. The move to 
multiprocessors mandates the design 
of FIFOs capable of processor-to- 
processor communication with speeds 
compatible with the latest generation 
of processors. Such mailbox-type func- 
tions will call for brand-new architec- 
tures and organizations, and 
increased flexibility. 

At present, most FIFOs are charac- 
terized by a largely generic architec- 
ture and pinout supported by the 
three or four top vendors in the indus- 
try. According to TI’s DeMonico, the 
new breed of FIFOs will incorporate 
such features as bus-control logic, bus 
drivers and other logic to eliminate 
the collection of programmable array 
logic that normally surrounds them 
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as bus interface devices. Future 
products, predicts DeMonico, will 
start to look more like bus trans- 
ceivers than like traditional FIFOs. 


Bi Shift to wider word widths 

One of the keys to FIFOs tackling 
new applications will be a shift to 
wider-word devices, says Saratoga’s 
Lau. Currently, the widest word 
width is 9 bits. Saratoga is designing 
a family of FIFOs with word widths 
as large as 36 bits, providing 32 bits 
of data plus 4 bits for byte parity. The 
company’s philosophy, says Lau, is to 
attack the 32-bit processor world and 
reduce chip count. In addition to 
wider word widths, this ambition re- 
quires that Saratoga add such fea- 
tures as bidirectional ports and 
programmable flags. 

Saratoga used its BiCMOS process 
to create these wide word widths. Us- 
ing a straight CMOS process to im- 
plement a 36-bit word width would 
have been suicidal, says Lau, since 
the classic concern of ground bounce 
becomes critical as more outputs are 
added to the circuit. Another con- 
sideration is that straight CMOS 
drivers become larger as speed is in- 
creased, until the point of diminish- 
ing returns. Bipolar drivers, on the 
other hand, require no such size in- 
crease and can also be made to sink 
up to 64 mA if required for bus driv- 
ing. Also, bipolar devices drive mem- 
ory bit lines and word lines, thus 
speeding memory-array access. 

' Newer systems frequently incor- 
porate a 32-bit processor, which must 
talk to a microcontroller that may be 
only 8 or 16 bits. This requires more 
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Texas Instruments 
claims to be the 
first specialty- 
memory vendor to 
offer a first-in, 
first-out with either 
bidirectional I/O 

or programmable 
depth—the 
SN74ALS2238. The 
simplified flow dia- 
gram (top) depicts 
how the device is 
configured. The 
flow chart (right) 
shows the differ- 
ent operating 
modes of the chip. 
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than a handful of conventional logic 
and control devices. Saratoga, how- 
ever, has identified this application 
as a major area for FIFOs, and is de- 
veloping devices that can interface to 
a 32-bit processor on one side and an 
8- or 16-bit device on the other. 
Another new FIFO architecture of- 
fered in low-density devices provides 
a parallel port on one side and a se- 
rial port on the other. When called 
for, such applications are now han- 
dled with more generic FIFOs and 
additional components such asa shift 
register and control logic. The inte- 


COMPUTER DESIGN 


SAB SBA GAB GBA 
x 


SAB SBA GAB GBA 
x x 0 0 


7) 
y 
y 


F 
te 
y 


SAB SBA GAB GBA 
0 1 1 1 


SAB SBA GAB GBA 
1 


1 1 1 1 


gration of a serial interface to con- 
ventional FIFOs will benefit many 
LAN applications, according to Lau. 
Most of these applications will be in 
smaller LANs rather than in the 
larger, more complex schemes such 
as Ethernet. LANs operating through 
phone lines at distances of perhaps 
only 100 ft, for example, could make 
significant use of such FIFOs. 

The new generation of FIFOs is 
still lacking in the type and number 
of flags they offer. At present, status 
flags indicate empty and full, and, as 
pioneered by IDT, half empty and 
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Nobody, but 
nobody, offers 
or delivers more 
rechargeable button cells 

and batteries than Varta. 


The first in NiCd batteries. 


This year, 
100 


1988, Varta cele- 


brates its 100th 
year in manufac- 
turing batteries 
of all types. In 
the '50’s we led 
the world in com- 
mercialization of NiCd batteries. 
We invented the mass-plate cell 
construction which excels over 
sintered nickel-cadmium cells. 


Unique performance advantages. 
In stand-by at ambient tempera- 
tures, our mass-plate button cells 
retain 60% capacity after 12 months 
versus about three months for 
sintered NiCd cells, because they 
have much lower internal losses. 
Similarly, they require much lower 


recharging rates, as low as IMA 


f/ARTA 


(C/100) versus 4-7mA for compe- 
tition, so charging power and 
circuitry will be minimized. 


More compact designs. 

Varta mass-plate button cells and 
batteries usually take much less 
space — or let you put up to 40% 
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Cost benefits, too. 

With all their advantages, Varta 
mass-plate button cells and 
batteries usually cost less than com- 
parable sintered-type cells. 


Many sizes and types. 

Capacities range from 4 mAh to 
1000 mAh. Many flat or stacked bat- 
teries can be assembled. Extra high 
temperature ratings and UL list- 
ings are available in 
key sizes. For re- 
chargeable applica- 
tions above 1000 mAh, 
Varta also offers a 

complete line of 
NiCd cells and bat- 
teries. 

For an introduction 
to Varta’s world-leading line of 
rechargeable button cells and bat- 
teries, please ask for “Who's Got The 
Button’. Call 1-800-431-2504, 

Ext. 260, or write below. 


VARTA Batterie AG, Am Leineufer 51, D-3000 Hannover 21, West Germany, Tel. (49) 0511/79031 
VARTA Batteries, Inc., 300 Executive Blvd., Elmsford, NY 10523, USA, Tel. 1-800-431-2504, Ext. 260 
VARTA Batteries Pte Ltd., 1646 Bedok North P.O. Box 55, Singapore 9146, Tel. (65) 241-2633 
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Now benchpress 


Arium introduces The Tool for your bench. 
The 400 MHz logic analyzer at a price you can 
handle as easily as the ML4400 handles multiple 
pods simultaneously . . . starting at $4995. 

Arium does it again. 

We just redefined high-end logic analyzers in 
terms of low-end cost. With the 8/16/32-bit 
ML4400, you can combine up to four independent- 
clock cards (user-selectable) to get 16 channels at 
400 MHz, 64 channels at 100 MHz (synchronous), 
or 160 at S50 MHz (synchronous). That means you 
can now handle full-speed 68030s or 80386s, as well 
as 68020s and 8086s. And, uniquely, up to four dif- 
ferent microprocessors, simultaneously. That's speed 
our competition can't catch up with. Now for ease 
of use. 

Easy. Redefined. What does ease of use mean 
to you? If it means: Single key menu access to all 
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400 MHz. 


screens. Complex triggering (Boolean, multilevel, 
repeat functions) with cross-triggering between state 
and timing, and between pods. Cross-time stamping. 
Transitional timing. All software resident . . . Then, 
youll find them all, and more, in the ML4400. 

Why Arium? How can Arium be the first to put 
this much low-cost power on your bench? Because 
we've always been first, ever since we redefined per- 
formance/price logic analyzers with our ML4100. 
When will the competition catch up with the per- 
formance/price of our new ML4400? Don't hold 
your breath. 

For more data on the new ML4400, as well as 
on our family of Arium 8/16/32-bit logic analyzers 
at prices as low as $2495, contact ARIUM CORPO- 
RATION, 1931 Wright Circle, Anaheim, CA 92806- 


6052. Telephone 800/TO-ARIUM 
(800/862-7486), (714/978-9531 in CA). ARIUM 
CORPORATION 
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half full. Recently, devices have 
emerged with additional flags in- 
dicating almost empty and almost 
full. Even so, many designers find 
that even these flags are inadequate 
to handle many newer applications. 
What’s really required, say system 
designers, are flags that can be pro- 
grammed to represent whatever sta- 
tus is needed. 


8 Need for programmable flags 
Users may desire flags that come up 
when the read counter reaches a par- 
ticular number, for example, rather 
than a fixed or predetermined num- 
ber. Saratoga calls such flags 
programmable break points. Future 
products, says Lau, will contain a 
number of flags, though not all will 
be reprogrammable. These flags will 
be programmable at reset, since the 
FIFO is essentially a serial device, 
and it’s hard to halt the device and 
reprogram it on the fly. 

The serial nature of FIFOs requires 
that events such as parity error are 
signaled by a separate status flag. 
Generally, such an error causes a 
transmission to be restarted. By pro- 
viding an error flag, however, the 
user can opt for an alternate course 
of action. Other control functions in 
addition to flags, such as the ability 
to change parity schemes (even or 
odd) on reset, will also be built into 
future-generation chips. 

While Saratoga, IDT and others 
are racing to incorporate such fea- 
tures as programmable status flags 
into FIFOs that are due out within 
the next six months, TI claims to 
have a jump on the industry with its 
74ALS2238. The part, which is cur- 
rently being sampled by the company 
and will soon be offered in produc- 
tion, is the first FIFO to include bi- 
directional ports, a programmable 
depth and programmable flags, ac- 
cording to DeMonico. 

The programmable-depth option 
lets designers program the depth or 
number of words required to fill the 
device, offering the flexibility of a 
programmable delay line. While the 
part is currently fabricated in the 
company’s EPIC CMOS process, De- 
Monico agrees with Lau that a Bi- 
CMOS process is preferable for future 
FIFO architectures. “If you begin to 
look at a FIFO as a bus transceiver— 
not much different from our recent- 
ly introduced NuBus transceiver 
chip—it immediately becomes appar- 
ent that BiCMOS is the obvious pro- 
cess choice,”’ he says. 


8 Dual-ported SRAMs 

While FIFOs will undoubtedly see 
broad applications in multiprocessor 
systems, some competition is expected 
from dual-ported SRAMs. As dual- 
ported SRAMs increase in flexibility 
and speed, incorporate extra bits and 
circuitry for byte parity, and provide 
separate read and write ports capable 
of independent operations, they’ll 
find an increasing number of applica- 
tions in interprocessor communica- 
tions. FIFOs call for a sequential 
stream of data, while dual-ported 
SRAMs offer random access to stored 
memory. In applications such as an 
arithmetic logic unit register file, 
therefore, a FIFO can’t be used be- 
cause the processor has to select ran- 
dom bytes of information. 


Dual-ported SRAMs are progres- 
sing on a number of other fronts. 
Devices are being developed, for ex- 
ample, to complete a read and write 
within 10 ns. These super-fast de- 
vices will find applications in the 
minicomputer arena, where they’ll 
replace relatively low-density ECL 
RAMs, and provide a significant re- 
duction in power and increase in per- 
formance. Many of the parts pres- 
ently available, or under design, in- 
corporate dual ECL I/O ports with 
dense CMOS SRAM arrays. 

In addition, dual-ported SRAMs 
now require such features as inter- 
rupt signals, semaphores and parity 
for easy hookup with micropro- 
cessors. Like FIFOs, dual-ported 
SRAMs are used mostly in telecom- 
munications and data-communica- 
tions applications. However, in time, 
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according to a spokesperson from Vi- 
telic, designers will develop novel 
applications that push the present 
limits of speed, width and depth be- 
yond what’s currently available. 
Traditional bit-wide and byte-wide 
organizations (x1 and x8) are start- 
ing to give way to wider organiza- 
tions such as x 16, x 18, X27 and x 36 
to accommodate wider buses and pro- 
vide byte parity. Once again, the 
wider word widths will likely man- 
date the use of BiCMOS process tech- 
nology since users aren’t willing to 
sacrifice speed in return. However, 
IDT provides a x16 device in its 
CMOS process with very little speed 
penalty over its 2-kword  8-bit part. 
VLSI Technology has developed 
some proprietary dual-ported devices 


Many of the new 
breed of specialty- 
memory devices 
are take-offs of 
high-speed static 
RAM. Integrated 
Device Technology's 
user-configurable 
registered RAM is 
an example of 
special features 
surrounding a 
high-performance 
RAM. In this 
4-kword x 16-bit 
device, IDT 
included its 
proprietary serial 
shift register 
system, allowing 
serial load and 
readback of the 
RAM data. 


in addition to providing second- 
source and enhanced second-source 
devices from other manufacturers. 
One of its most unique dual-ported 
devices, which is the first of its kind 
with two different-sized ports, is a 
16k device with a 1-kwordx 16-bit 
port on one side and a 2-kwordx 8-bit 
port on the other. 

On devices that it second sources, 
the company tries to add embellish- 
ments to the parts to differentiate 
them from their competitors, says 
Richard Eiler, strategic marketing 
manager. In some cases, this simply 
involves offering faster versions; in 
others, it requires adding functions. 
In its 7132A/42A dual-ported SRAM 
devices, which are basically second 
sources for IDT’s parts, VLSI Tech- 
nology has included contention- 
ignore circuitry and provided two 
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Waferscale Integration takes the concept of specialty memory beyond conventional ap- 
proaches by integrating an entire memory subsystem on a single chip. Its Mapped Ad- 
dress Programmable (MAP) memory subsystem, designed for digital signal processing 
and microcontroller applications, combines program EPROM and data static RAM ona 
single chip. In addition, it provides a programmable mapping decoder that lets the 
memory be configured in various ways, and be mapped anywhere within a 2-Mbyte ad- 


dress space. 


interrupts. 

As dual-ported SRAMs get faster, 
there’s a trend toward a synchronous, 
or self-timed, architecture. This 
structure adds registers or latches to 
the RAM’s I/O to hold address, data 
and read/write function-control infor- 
mation. These latches eliminate 
setup problems in very fast systems, 
letting an address be quickly latched 
into the RAM and then ignored. 


8 Other specialty memories 

Though cache tags, data caches, FIFOs 
and multiported SRAMs take up a 
good share of the specialty-memory 
business, other approaches are start- 
ing to emerge. The underlying trend 
in the specialty-memory business is 
to put more of a complete memory 
subsystem on a single chip. An exam- 
ple of such an approach comes from 
Waferscale Integration (Fremont, 
CA) in the form of a programmable 
memory subsystem for digital signal 
processing applications, which can 
serve equally well in many microcon- 


troller-based systems. 

Waferscale Integration’s Mapped 
Address Programmable (MAP) memory 
combines high-speed UV-EPROM, 
six-transistor SRAM cells, a pro- 
grammable mapping decoder and a 
pair of multiplexers. Internally, the 
memory arrays are organized as two 
8-kwordx 8-bit EPROMs and two 2- 
kwordx8-bit SRAMs. The chip can 
be configured for byte-wide or word- 
wide operation by programming the 
configuration bit on the Program- 
mable Mapping Decoder (PMD). The 
memory size for the first products of 
the MAP family was selected based 
on the needs of many DSP and real- 
time embedded-control applications, 
says Jerry Banks, Waferscale Inte- 
gration product marketing manager. 
Most applications require less than 8 
kbytes of instruction EPROM and 
less than 2 kbytes of data storage. 

The on-chip PMD allows the place- 
ment of the physical 16 or 8 kwords 
of EPROM and the 4 or 2 kwords of 
SRAM anywhere in the total address 
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space of 2 Mbytes or 1 Mword. In the 
byte-wide configuration, it’s possible 
to subdivide and selectively access 
eight blocks of EPROM, each con- 
figured as 2 kwordsx8 bits. Any of 
the sp blocks can be mapped into 
any of the 1,024 available 2k-deep 
blocks in the 2-Mbyte address space. 
Similarly, the two blocks of SRAM 
configured as 2 kwordsx 8 bits can be 
mapped into any of the 1,024 2k 
blocks in the 2-Mbyte address space 
not occupied by the EPROM. 

In the word-wide operation, the I/Os 
of the two EPROMs and two SRAMs 
are common and are brought out in 
parallel. In byte-wide operation, how- 
ever, the eight most significant bits of 
the I/O are multiplexed with the least 
significant bits using the on-chip mul- 
tiplexers controlled through one of the 
address lines. This leaves the eight 
most significant I/O bits to be replaced 
by eight individual chip-select out- 
puts, which can be programmed to se- 
lect and control other devices in the 
system, such as I/O, additional SRAM 
or other peripheral devices. 

While Waferscale Integration’s 
MAP device is targeted for DSP appli- 
cations, such as those utilizing Ts 
320C25 signal processing chip, it’s 
equally at home with high-perfor- 
mance 8- or 16-bit microcontrollers, 
such as the Intel 80186 and National 
HDC16000 families. The chip is fabri- 
cated in a 1.2-micron CMOS process, 
which supplies the memory with 40- 
ns access time for both EPROM and 
SRAM (including decode time), and 
provides chip-select outputs in 22 
and 17 ns. Banks points out that the 
MAP device is the first product of the 
WSMAP168 family. In addition to a 
forthcoming die shrink from 1.2 to 
0.8 microns, the company plans dif- 
ferent programmable memory config- 
urations and organizations. 

Other specialty memories are also 
starting to surface, one of the latest 
being the RAMDAC family, pioneered 
by Brooktree (San Diego, CA). 
Designed for high-speed, high-resolu- 
tion graphics systems, the two chips 
combine a RAM-based color palette 
with one or more high-speed digital- 
to-analog converters. The chips, 
which are designed to facilitate tying 
high-speed CRTs with slower display 
memory, serve as a speed buffer be- 
tween standard memory chips and 
high-speed CRT signals. 

RAMDAGCs also have a micropro- 
cessor unit interface that lets a 
graphics processor update and con- 
trol the graphics memory. One of the 
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chips even includes on-chip diagnos- 
tics, which let users perform a 
check/sum on a frame of data, as well 
as compare the D-A converters using 
embedded analog comparators. 


a Tweaking increases performance 
New specialty-memory products and 
enhancements to existing ones will 
continue to surface with increasing 
frequency. “The designer will have 
an entire repertoire of application- 
specific memory products to select 
from, including both generic devices 
such as FIFOs and cache tags, as well 
as highly specialized memory sub- 
systems,” says IDT’s Hall. 

At least for this generation and the 
next, application-specific memory 
devices will remain largely standard, 
vendor-designed devices. Despite the 
availability of high-speed memory 
cells in gate arrays and cell libraries, 
and of sophisticated memory-cell 
compilers, the selection of standard 
application-specific memory products 
is still dictated by performance, cost 
and design turnaround. “Our inter- 
nal design tools permit us to make 


modifications and additions to our 
basic design relatively quickly. How- 
ever, to get the type of performance 
designers are looking for, chip de- 
signs have to be critically tweaked,” 
says Waferscale Integration’s Banks. 
It’s this tweaking process that keeps 
memory subsystems out of the user- 
designed chip area. 

Following the normal evolution of 
semiconductor integration, the first 
step in the development of user- 
designed memory subsystems will 
most likely be the emergence of mod- 
ules or hybrids incorporating stan- 
dard devices. This undoubtedly will 
be followed by large memory-subsys- 
tem cells appearing in cell libraries 
and perhaps subsystem compilers, 
such as a FIFO compiler. 

However, the constant pressure to 
provide next-generation’s perfor- 
mance with this generation’s product 
will probably inhibit the widespread 
use of such approaches. Memory ven- 
dors have demonstrated that by 
tweaking designs, both in architec- 
ture and in process refinements, they 
can gain significant performance ad- 


vantages. Furthermore, user-designed 
process technology usually remains 
almost a generation behind that of 
standard components. 0 
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Built-in, patent-pending embedded decoupling capacitors reduce 


costs, time and assure noise-free, high-speed operation. 


Easy-to-change Wire Wrap or 
high-speed, low-profile Stitch 
Wire technology. 


Perfect match to 
Standard Logic’s com- 
plete line of DIN- 
based, heavy-duty 
extender cards, 
racks, backplanes 
and sub- 
chassis. 


Compatible with VMEbus, Multibus IT, IEEE 896 F: uturebus and other industry standards. 


45 DIN-standard Eurocard format cards available in one, two 
_ or three-connector versions, five depths from 160 to 400 mm. 


Four or optional two-layer 
versions plated only with tin- 
lead alloy for long-life, tin- 
whisker-free operation. 


PON Be Solid interpin copper 
ee. Planes on all layers. 


High density universal 
pin patterns with or 
without PGA 
sections, no 

B adapters 

== required. 


Because you need latest technology, high-speed, 
low-noise, high-density, high-reliability packaging 


prototype development needs. And you need it to work 
and you need it on 1 time. Call Standard Logic at 


hardware to match your latest designs. 4930 E. La a 

Yet you need compatibility with the latest bus Palma Ave., ST ANDARD 
interfaces and DIN connectors. Plus flexibility to Anaheim,CA LOGIC INC. 
accommodate DIP ICs, PGAs and SMT devices. 92807. (714) Deere ; ‘ 
And hardware that’s easy to change to meet all your 779-2897. Bringing your designs to life. 
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Now appearing: the 
DT7020 Array Processor for 
the IBM PC AT. 

In this business, connections 
mean everything. Since our 
DT7020 array processor connects 
directly to our frame grabber and 
data acquisition boards for true 
8 MFLOPS execution, it’ll be an 
overnight success. 


Give us a call today. We'll tell you 
how to connect your IBM PC AT toa 
rising star: the DT 7020 array processor. 


(508) 481-3700 


In Canada, call (800) 268-0427 


And the supporting roles played 
by our MACH” Vector and MACH 
DSP Subroutine libraries and our 
MACH Microcode 
Assembler and Simulator 


ee truly award winnt 8: <DT-Connect” is an open interface 
° . = ec 

Nothing beats this specification which permits the direct 

package when it comes connection of stand-alone data acquisi- 

to real-world image tion and frame grabber boards to pro- 


cessor boards for greatly accelerated 


processing. signal (DSP) and image processing. 


Digital Signal Processing 


Image Processing 


Multiply 


DT-Connect™ FFT Inverse FFT | Inverse FFT | Vector Add | Vector Add | Vector Multiply | Vector Multiply FFT FFT Frame Average Fi Addit 
Processor 1024 Points 1024 Points | 1024 Points | 1024 Points | 1024 Points | 1024 Points| 1024 Points 1024 Points | 512x512 image | 512x512image | (2) 512x512 bya BIKE? eah 
Board Complex Real Complex Real Complex Real Complex Real Complex images Constant mone \TRBS 
017020 23.0ms 13.0ms 23.0ms 2.6ms 5.0ms 2.5ms 8.5ms 6,29s 11.90s 0.82s 0.47s 0,68s 
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WE'VE ADDED SOMETHING 
TO OUR UNPLUG PRODUCTS 


In case you havent heard, 
theres a distributed multiplexer 
out there that’s got everyone 
talking. 

Its the Unplug™ from 
Systech. 

In fact, the Unplug has been 
so popular with system designers, 
weve already shipped over 
10000 units. Plus, we've expanded 
our product line. Which means 
not only will the Unplug give you 
connectivity solutions, it'll also 


give you flexibility like you've 
never had before. And you can 
quote us on that. 

Take your I/O architecture, 
for example. We have host adapt- 
ers for Multibus®° VMEbus and 
Multibus II. Each one will sup- 
port eight to as many as 128 
users. That way, you could run 
256 terminal ports out of only 
two slots. 

Our cabling choices now 
include fiber optics to span three 


feet or three miles. And clusters 
are available with or without a 
parallel printer port or with 16 
serial ports. 

With all this, you can actually 
design a smaller machine with- 
out giving up high connectivity. 
Best of all, you wont have to 
rewrite your software to accom- 
modate it. 

Its no surprise youll find 
the Unplug working in popular 
systems running UNIX,® 


“We were able to easily 
expand without modifying 
our software.” 


“The Unplug allowed us to 
add users without adding 
headaches.” 


“Everybody should Unplug 
their computers.” 


PICK® and RM/COS."™ 

Along with Systech’s broad 
line of Unplug products, we have 
several models of the Systech 
Pluriaxial Unplug Repeater 
(SPUR™). Using fiber-optic links, 
SPUR can build systems as long 
as three miles between host and 
users. Without sacrificing per- 
formance, either. Because in 
addition to the CPU in the host 
adapter, theres one in each clus- 
ter controller. So as you add 


See us at booth #308. 


©) €COMDEH/Fall '88 
November 14-18, 1988 
Las Vegas Convention Center 
Las Vegas, Nevada 


“Integrating the Unplug has ‘Weve improved 


actually reduced our functionality and reliability 
installation and ' with Systech’s Unplug” 
maintenance costs. 
ee Along with saving slots and 
a like ai , cable, the Unplug gave me 
eePeTONQUS LEGG more CPU power, too.” 


“With Systechs full line of 


Unplug products, meeting Its a system designers 


our system requirements was dream. 
no problem.” 

PLUGS. 
users, you add power to the who are specially assigned to 
Unplug. making the Unplug integrate 

Needless to say, with our easily into your system. 
variety of host adapters, cluster With everything the Unplug 
controllers, SPUR models and has to offer, its truly the most 
multiplexers, we have all the flexible system available. 
accessories to go with them. And apparently that’s not just 
Like connectors, cables and our opinion. 
terminators. 

Of course, our components 
wouldnt be complete without WE OPEN UPA LOT OF POSSIBILITIES 
service and support. Thats why stech Corp, 6465 Nancy Ridge Dr, San Diego, CA 92121 (619) 453-89 
Systech has design engineers ‘eg cP enh op ae nen UN Tat 
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command set—offers European com-— 
patibilities V.22 bis, V.22 A/B, V.23 
and V.21 plus guard tone capabilities 
O Under $160.00 each in quantity. 


Call toll free today 1-800-3 328-6104 


or write CTS Fabri-Tek, Inc., Datacomm _ 
Products Division, 6900 — 
Shady Oak Road, ie 
Prairie, Minnesota 55344 
jam for a copy of our new full 
color brochure entitled CTS 
* Custom OEM Modems. 
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Automated optimization 
refines SIMD microcode 
for efficient programming 


Microcode development 
tools cut the cost and 
time to market for 
sophisticated SIMD 
computing architectures. 


Robert A. Mueller and Dan Budge 


U ntil recently, microprogramming was used predominantly for instruc- 
tion-set emulation on general-purpose computers, and the microprograms 
required to implement typical machine instructions were relatively small 
and straightforward. As a result, only a small number of expert micro- 
programmers were needed to develop and optimize the microcode, which 
generally required only simple tool support. Today, however, a new 
microprogramming culture has developed that has more demanding goals 
and development tool requirements. 

This culture has emerged from the large and growing number of applica- 
tions for which execution speed is the most important requirement—appli- 
cations such as signal processing, image processing, graphics and flight 
simulation. Computers for these applications use a single-instruction, 
multiple-data (SIMD) processing architecture. These computers may contain 
many functional elements—such as adders, multipliers, address generators, 
and multiple memory and data bus resources—all operating simultaneously 
on many streams of data. 

Characterized by very wide (from 64- to over 1,000-bit) instruction words 
that permit a high degree of concurrent operation among independent sub- 
systems, SIMD processing handles large quantities of data in one operation. 
Large, complex programs are being implemented entirely in microcode on 
SIMD processors. Due to this complexity, SIMD processors are extremely dif- 
ficult to program efficiently. Each instruction word is composed of numerous 
instruction fields that control various hardware elements, and each field must 
be programmed in each instruction clock cycle. Moreover, many hardware 
elements may be pipelined, so an operation can take several instruction cycles. 

Although designers of SIMD architectures have powerful chip families with 
which to configure high-performance systems, it’s difficult to develop soft- 
ware to exploit the extensive concurrency and pipelining in these architec- 
tures. The software development process thus consumes the lion’s share of 
the product development budget and greatly increases time to market. 

There’s a myriad of factors that contribute to this software bottleneck. To 
begin with, there’s the inherent complexity of programming parallel 


Robert A. Mueller is director of research and Dan Budge is a senior software 
engineer at Quantitative Technology Corp (Beaverton, OR). 
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Unoptimized Program 
Ali*n+j]=(X+Y)/2; 


ifX>0 
then Z=Ali*n+j]—1; 
else Z=B[i*n] 


replaced by the assigned variable. 


processors. Unusual timing relation- 
ships, resource conflicts and large- 
scale concurrency create complex 
programming problems. In addition, 
the designer tends to embed obtuse 
hardware features in very applica- 
tion-specific ways, making program- 
ming at the microcode level a slow, 
tedious, exacting task. 

Most application microcode is de- 
veloped in assembly code with limited 
simulator and debugger support, and 
virtually all code optimization is per- 
formed manually, which is a time- 
consuming and error-prone process. 
In terms of cost, writing and debug- 
ging code on wide-word SIMD archi- 
tectures is estimated to run between 
$1 and $2 per bit. An application re- 
quiring 100,000 microinstructions, 
where each microinstruction is 100 
bits wide, might cost $10 million to 
$20 million to develop using today’s 
software development tools. This sit- 
uation is likely to get even worse, 
since the volume of application soft- 
ware migrating to these high-perfor- 
mance processors is expected to dou- 
ble about every year for at least six 
more years. 

More powerful programming tools 
can simplify the problem considera- 
bly. It’s much easier, for example, to 
write microcode with a state-of-the- 
art relocatable assembly language 
than to assign bit patterns to instruc- 
tion fields. The use of a high-level, 
machine-independent language is a 
further step toward simplifying pro- 
gramming and improving reliability 
and maintainability. Automated code 
optimizers, simulators and symbolic 


Optimized Program 
t1 =1*n; 
t2=t1+/; 
Alt2] =(X + Y)/2; 
ifX>0 
then Z=Alt2] -—1; 
else Z=Bi[t1] 


O.. common form of coarse-grain optimization, common subexpression 
elimination, replaces multiple occurrences of a common expression with one 
occurrence, a store of the expression result, and multiple accesses of the register 
in which the result is stored. In the unoptimized program, there are two com- 
mon subexpressions—[i*n] and [i*n + j]—both of which occur in the statement 
Ali*n +j] =(X+Y)/2. In the optimized program, the expression results are stored 
in two new variables, t1 and t2. Variable t1 is assigned [i*n], and variable t2 is 
assigned [t1 +j]. Each subsequent occurrence of the subexpressions will be 


debuggers also bring powerful capa- 
bilities to the microcode development 
environment. 


B Automated code optimization 
Code optimization is one of the most 
critical, and perhaps the most diffi- 
cult, aspects of programming SIMD 
processors. Most optimizations at- 
tempt to make code more efficient by 
reducing a program’s execution time, 
and some focus on reducing code 
space. Still others try to do both. 
Optimization can be either coarse- 
grain or fine-grain. The goal of the 


There’s acommon 
misperception 
that automated 
optimization 
complicates 
debugging. 


former, which transforms large parts 
of programs, is to eliminate inefficient 
code created through poor program- 
ming or compiler-generated code. 
One example is common subexpres- 
sion elimination, in which multiple 
occurrences of a common expression 
are replaced by one occurrence of the 
expression, a store of the expression 
result in a temporary register, and 
multiple accesses of that register. 
There are many well-established 
coarse-grain optimizations, and a few 
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are routinely included in higher qual- 
ity workstation compilers. A more 
extensive collection of coarse-grain 
optimizations is included in most su- 
percomputer and multiprocessor com- 
puter compilers, which are among 
the most sophisticated compilers. 

Fine-grain optimization, in con- 
trast, is more unusual. Fine-grain op- 
timization manipulates low-level op- 
erations (called micro-operations) to 
exploit the low-level parallelism in 
wide-word SIMD processors by care- 
fully scheduling micro-operations, 
optimizing critical program paths 
and concurrently executing multiple 
stages of a program loop. Fine-grain 
optimization is too complex to inte- 
grate into a high-level compiler, and 
a traditional compiler targeted to an 
SIMD processor will typically produce 
grossly inefficient code. An automat- 
ed fine-grain optimizer can, however, 
reorganize compiler-generated code 
to eliminate inefficiencies. By pro- 
gramming in a high-level language 
that can be translated into efficient 
microcode, SIMD processor program- 
mers are freed from having to hand 
optimize code. 

Automated fine-grain optimization 
also enhances hardware design op- 
tions, managing system complexity 
and exploiting parallelism that would 
be beyond the range of even the most 
experienced microcoder. Further, it 
helps reduce design costs and time to 
market. An experienced microcoder 
can generally write 1,000 to 10,000 
lines of highly optimized wide-in- 
struction SIMD code per year. Given 
a simple sequential form of an SIMD 
program, an automated optimizer 
running on a high-performance work- 
station can produce 1,000 to 10,000 
lines of code per hour. 

There’s a common misperception 
that automated optimization—both 
fine- and coarse-grain—complicates 
debugging. Since an optimizer in- 
serts, deletes, replaces and reorgan- 
izes code, localizing an error in the 
optimized source code can, indeed, be 
very difficult. But optimization 
shouldn’t be performed until code has 
already been debugged and validat- 
ed. Since an optimizer improves pro- 
gram performance without altering 
its functions, correctness is pre- 
served. In practice, in fact, an op- 
timizer can actually aid in debug- 
ging, since undetected bugs in a 
source program often become evident 
during the optimization process. 

Automated fine-grain optimization 
does have some drawbacks, however. 


The process limits the degree to 
which code can be optimized. Most 
fine-grain optimization problems are 
inherently intractable, so there are 
no efficient algorithms that will con- 
sistently produce optimal solutions. 
Nevertheless, good heuristic algo- 
rithms, evolved over many years of 
experience and experimentation, can 
produce excellent, if not ideal, results 
for fine-grain optimization. In situa- 
tions requiring the highest possible 
degree of optimization, it may be 
necessary for critical code sections to 
be hand optimized by an expert micro- 
coder. In these cases, a semiautomatic 
tool that verifies programmer-con- 
trolled optimizations is most effective. 

There are also other drawbacks in- 
volved, such as the large amount of 
time required to develop a new opti- 


mizer for each new target architec- 
ture and the high cost associated with 
the development effort. Fine-grain 
optimizers are highly machine-depen- 
dent, since they require an intimate 
knowledge of processor resources, 
timing and instruction word encod- 
ing. Consequently, each new machine 
requires a new optimizer. Since a 
good heuristic optimizer is a complex 
piece of software, it could take longer 
to develop and validate the optimizer 
than to manually optimize the micro- 
code it was designed to automate. 
This means that one-of-a-kind, throw- 
away optimization tools are almost 
always impractical. A retargetable 
tool that can be readily ported to 
different target architectures is a far 
more effective alternative. 

Three principal fine-grain tech- 
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niques are commonly used to improve 
code efficiency: code compaction, soft- 
ware pipelining and trace scheduling. 
Code compaction schedules a straight- 
line sequence of micro-operations 
into the fewest possible instructions 
without changing the sequence’s 
function. Software pipelining, which 
is used for machines with pipelined 
architectures, reschedules loop 
micro-operations to concurrently ex- 
ecute loop stages. Trace scheduling 
moves micro-operations around pro- 
gram branches to streamline high- 
traffic program paths. 

Code compaction is typically per- 
formed in two phases. In the first 
phase, data dependencies are com- 
puted for the variables in each basic 
micro-operation block, ensuring that 
a micro-operation that reads data 


Es: Software Foundry from Quantita- 
tive Technology Corp is an integrated 
family of retargetable software develop- 
ment tools for wide-word, single-instruc- 
tion, multiple-data (SIMD) processors. 
The tools can be targeted to a particular 
SIMD target architecture through the 
construction of a configuration file that 
includes those machine-specific details 
necessary to let machine-independent 
algorithms perform machine-dependent 
tasks. The tools are particularly well 
suited to wide-instruction-word SIMD 
processors built from VLSI components 
such as bit-slice processors, digital sig- 
nal processors, floating-point arithmetic 
chips, sequencers, address generators 
and application-specific ICs. 

The Software Foundry includes a 
relocatable meta-assembler (SF/Assem- 
bler), linker (SF/Linker), object-code 
librarian (SF/Librarian), optimizer (SF/Op- 
timizer), ANSI C compiler (SF/C Compil- 
er), simulator (SF/Simulator), and sym- 
bolic debugger (SF/Symbolic Debugger), 
in addition to a configuration processor 
(SF/Configuration Processor) that con- 
figures the tools to target processors 
froma machine description. 

The SF/Assembler lets programmers 
efficiently program wide-instruction- 
word SIMD processors with pipelined 
resources. A programmer configures 
the SF/Assembler to a target processor 
by describing the syntax and semantics 
of micro-operations in the assembly 
source code. 

Fine-grain optimizations on straight- 


line assembly code are done by the 
SF/Optimizer. Performing code compac- 
tion, software pipelining and trace 
scheduling, it has both automatic and 
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Once a configuration file has been con- 
structed, QTC’s Software Foundry can be 
used in a variety of ways. An assembly 
language program, for example, can be 
manually entered to the SF/Optimizer, 
which performs fine-grain optimization 
and sends the results to the SF/Assembler. 
The SF/Assembler, in turn, translates the 
symbolic assembly language code into 
target machine object code. Alterna- 
tively, C programs can be input to the 
SF/C Compiler for translation. 


semiautomatic operation modes. The 
configuration support needed to make 
the SF/Optimizer retargetable includes 
processor timing, instruction-word field 
descriptions, conflict information and 
micro-operation resource usage. 

The SF/C Compiler is a full ANSI C 
compiler with extensions designed for 
SIMD processor programs. It performs 
extensive program analysis, including in- 
terprocedural data-flow analysis, sym- 
bolic evaluation and memory reference 
disambiguation, and a full spectrum of 
coarse-grain optimizations, including 
copy propagation, common subexpres- 
sion elimination, dead code removal 
and so forth. The designer must provide 
the SF/C Compiler with the assembly 
language instructions it needs to gener- 
ate to move data between machine 
resources, map from C data types to 
machine resources and from C opera- 
tors to assembly code, and create an ac- 
tivation record. 

The SF/Simulator provides an interac- 
tive environment in which code can be 
executed and debugged independent of 
the hardware. It's configured to a target 
processor by associating a data transfor- 
mation with each target instruction. 

With the SF/Symbolic Debugger, the 
programmer can examine and modify 
the contents of program variables by 
referencing them by name. It uses the 
SF/Simulator to simulate the execution 
of the program and thus needs only the 
configuration support provided to the 
SF/Simulator. 


COMPUTER DESIGN 69 


@ AUTOMATED OPTIMIZATION 


ee pipelining schedules the mi- 
cro-operations in aloop to concurrently 
execute pipeline stages. A simple pro- 
gram loop that sums the elements of a 
vector might be expressed in the follow- 
ing four-microinstruction straight-line 
pseudocode: 


loop 

1. calculate memory address in ALU; 

2. read memory to memory data 
register; 

3. add memory data register to 
accumulator; 

4. loop till done. 


Since all the operations in the loop can 
be concurrently executed and still pro- 
duce the desired result, the loop can be 
reorganized to improve efficiency. Spe- 
cifically, a single-instruction loop that 
concurrently adds the memory data reg- 
ister to the accumulator, reads memory 
to the memory data register, calculates 
anew memory address in the ALU, and 
conditionally loops can replace the four- 
instruction loop. 

At this point, however, optimization 
isn't complete. When the loop is initially 
= 


entered, it’s assumed that a previous 
memory read has copied a value into the 
memory data register and that the cor- 
rect memory address has been calculat- 
ed for the current memory read opera- 
tion. The potential problem here can be 
eliminated by adding a loop preamble, 
yielding the following pipelined loop: 


preamble: 
1. calculate memory address in ALU; 
2. read memory to memory data 
register # 
calculate memory address in ALU; 


loop: 

1. add memory data register to 
accumulator # 
read memory to memory data 
register # 
calculate memory address in ALU # 
loop till done. 


The original loop requires 4N cycles to 
execute N iterations. The pipelined loop, 
in contrast, requires two cycles before 
entering the loop and N cycles to exe- 
cute N iterations for a total of N+ 2 
cycles. 


follows the micro-operation that 
wrote it. In the second phase, micro- 
operations are scheduled in the 
shortest sequence of instructions 
within the constraints of particular 
data dependencies, timing issues, 
machine resource dependencies (a 
machine resource can typically hold 
only a single value at once) and field- 
encoding conflicts that may exist 
when several micro-operations are 
sharing an instruction field. 
Consider a hypothetical machine 
with independent arithmetic, float- 
ing-point add, memory and sequencer 
units. In this machine, a program 
that performs two additions, stores 
the results in two memory words, and 
then branches might be expressed as 
seven microinstructions in the fol- 
lowing straight-line pseudocode: 


loop 
calculate memory address in ALU; 
=r +12; 
. store r1 in memory; 
. calculate memory address in ALU; 
2=2 +13; 
. Store r2 in memory; 
. branch. 


Note that microinstruction 3 is data- 
dependent on microinstructions 1 
and 2, and that microinstruction 6 is 
data-dependent on microinstructions 
4 and 5. The program can thus be re- 
organized to obtain the following 
three-microinstruction program (a 
“# separates distinct operations 
occurring in a single instruction): 


1. calculate memory address in ALU # 
r=r14+r2; 

2. store r1 in memory # 
calculate memory address in ALU # 
r2=1r2 +13; 

3. store r2 in memory # 
branch. 


Unlike code compaction, software 
pipelining algorithms produce results 
in stages that can execute concur- 
rently. For example, while our hypo- 
thetical machine is performing a 
memory read using the current mem- 
ory address, a new memory address 
that becomes valid in the next in- 
struction can be computed concur- 
rently. A memory read copies data 
from memory to a memory data reg- 
ister. The memory data register can 
be read in the same instruction cycle. 
In such a case, the memory data reg- 
ister is always read before being writ- 
ten in that instruction cycle. 


Bi Trace scheduling 
Trace scheduling optimizes the most 
frequently used program paths. The 
path to be optimized is known as the 
trace: the term ‘‘on-trace”’ refers to 
those parts of the program that will 
be optimized, and “off-trace” refers to 
instructions in less frequented pro- 
gram paths. Basically, trace schedul- 
ing moves code around branches to 
reduce the number of instructions in 
the on-trace path, possibly at the ex- 
pense of adding instructions in the 
off-trace parts of the program. 
There are three main steps in a 
trace schedule optimization of a pro- 
gram: trace selection, trace compac- 
tion and bookkeeping. Trace selec- 
tion, which identifies frequently ex- 
ecuted program paths, can be per- 


Unoptimized program 
(3 units of time to execute): 


C=A*B; 

ifD>0 
then X=X+1; 
else Y=Y+1. 
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Optimized program 
(2 units of time to execute): 


ifD>0 
thenX=X+1 
C=A*B; 
else Y=Y+1 
C=AtB: 


race scheduling optimizes a program's most frequently used paths. Consider, 

for example, a single-instruction, multiple-data processor with independent 
adder and multiplier units. In the absence of data dependencies and shared 
resource dependencies, the processor can perform an add concurrently with a 
multiply. For simplicity, assume that multiplies, adds and compares each take one 
unit of time to execute. Trace scheduling can exploit the processor's concurrency. 
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formed automatically by a compiler 
or a simulator, based on benchmark 
estimates of relative path execution 
frequency. Traces can also be explicitly 
identified by the programmer. 

In trace compaction, the entire se- 
quence of instructions on a program 
trace is treated as a straight-line se- 
quence of instructions with one entry 
point, one exit point and no embedded 
branches. Code compaction can then 
be used to pack the instructions on the 
trace. Bookkeeping, the final major 
phase of a trace schedule optimiza- 
tion, compensates for the movement 
of operations around branches to pre- 
serve a program’s semantics. 


B Automatic and interactive modes 
Automatic code optimization is essen- 
tial when programs are written ina 
high-level language. A compiler will 
translate the high-level language 
program into assembly code, which 
the optimizer then reorganizes and 
streamlines. The entire operation is 
transparent to the programmer. 
The automatic mode can also be 
useful when a program is developed 


in assembly language. With an op- 
timizer available, a programmer can 
write sequential (straight-line) code, 
generally with one micro-operation 
per line. Since it’s much simpler and 
faster to write and debug straight- 
line code, as opposed to parallel oper- 
ation code, development time can be 
reduced dramatically. 
Semiautomatic optimization, a mode 
in which the programmer shares micro- 
operation scheduling decisions with 
the optimization program, is necessary 
when the microcoder needs to partici- 
pate in the optimization process to 
ensure that performance demands 
are met. Semiautomatic operation is 
most effective when the microcoder 
can guide the optimizer through an 
interactive editing facility. Using 
displayed information on data depen- 
dencies, the programmer can visual- 
ly identify opportunities for applying 
special coding tricks. In addition, pro- 
gram transformations can be easily 
edited. When these transformations 
violate resource usage constraints or 
create other detectable errors, the 
optimizer notifies the programmer, 


who can then make the necessary 
adjustments interactively. 
Wide-instruction word SIMD archi- 
tectures offer great potential for meet- 
ing rapidly escalating performance 
demands. But these architectures are 
limited by their requirement for relia- 
ble, efficient and expeditious pro- 
gramming. This capability can only 
be achieved through the use of power- 
ful software development tools. Good 
automated program optimization 
tools are among the most difficult 
tools to design and implement, and 
the most effective tools in support of 
parallel programming. 


For more information about the technologies, 
products or companies mentioned in this 
article, call orcircle the appropriate number on 
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The open-architecture bus 
world: too many choices? 


David Lieberman, Senior Editor 


BUSCON/88-EAST 


any people are surprised to 

learn that the old Chinese 

saying “May you live in in- 
teresting times’”’ is, in fact, a curse. 
Someone must have wished this 
curse on today’s open-architecture 
bus world, because it’s suffering from 
an overabundance of interesting pos- 
sibilities. OEMs and system integra- 
tors seem to be torn between 
alternative processors, buses, ar- 
chitectures, software strategies and 
networking techniques. 

The future success of vendor and 
customer alike is likely to hinge on 
the decisions made today, on the 
forks in the crossroads that are taken 
and whether the timing is right. 
There’s danger in taking a fork in the 
road too early and developing a tech- 
nology that serves no current need. 
Taking a fork too late, on the other 
hand, can result in me-too products 
and a me-too company image—cer- 
tainly not the road to success. Then, 
too, there’s the danger of taking a 
fork that turns out to be a dead-end 
technology. And some will be tempt- 
ed to not choose at all, to just sit at 
the fork and wait to see where the in- 
dustry heads. 

As the Buscon conference and exhi- 
bition winds up its third year this 
month at Buscon/88-East in New 
York City, most of the principal par- 
ticipants in the bus industry will air 
both their latest wares and their 
views on the critical topics facing the 
industry today. The following pages 
give a preview of many of the issues 
that will be discussed, as well as a 
look at some of the more noteworthy 
products that will make their debut 
at the show. 


Bi Today’s hot issues 
Perhaps the two issues generating 
the greatest interest today, and caus- 
ing the greatest consternation, are 
reduced-instruction-set computing 
and real-time computing. Is the time 
right to take on a RISC processor? If 
so, which one? And can one really as- 
sume an essential performance 
differential between RISC and 
complex-instruction-set computing? 
What types of architectural twists, 


memory hierarchies and I/O struc- 
tures will be effective in balancing 
the processing performance of new 
multi-Mips chips and, as a result, 
turning potential into usable power? 
How do you handle the software bur- 
den of dealing with a new type of in- 
struction set? And what do you do 
with existing applications software? 

As for the issue of real-time com- 
puting, one of the main questions is, 
Exactly what does it mean in terms 
of real-world applications? It clearly 
doesn’t mean a minor tweaking of ex- 
isting design and development habits. 
How do you provide deterministic 
operation in a cost-effective way? 
How does real-time computing affect 
the traditional approach to device 
drivers? What type of real-time devel- 
opment platform makes the most 
sense? Which of the many real-time 
operating systems and kernels is 
most appropriate for a task at hand? 
And what about development tools? 

Then, too, there are the buses 
themselves—always an area of de- 
bate. It appears as if Multibus II is 
about to leave its cocoon and fly—but 
nobody knows how far. NuBus is on 
the verge of becoming a true open- 
architecture bus. But what about 
Micro Channel? And the ever- 
popular PC AT bus? 

Elsewhere, the on-board power of 
STD Bus boards is exploding, but can 
STD fight off the challenge of the Eu- 


ropean standard STE Bus on the one 
hand, and the 16- and 32-bit buses on 
the other? Do 16- and 32-bit STD ex- 
tensions make sense? Will the AMS 
Eurocard version of Multibus make 
a dent in the market? Or the recent 
rash of Multibus extension schemes? 
How open will Q-bus remain? Does 
VMEbus have the legs to carry it into 
future generations of high-perfor- 
mance systems? Will there ever bea 
real future for Futurebus? And how 
long can the old Unibus, Exorbus, 
Versabus and S-100 hang on? 
Perhaps the most dramatic con- 
troversy in the bus world today, 
however, centers around software- 
standardization issues. Although vir- 
tually everyone in the business has 
a good word to say for standards, it 
seems as if everyone wants his own 
version of them. As many see it, the 
future success of the open-architec- 
ture bus world as a whole will depend 
on individual players’ willingness to 
develop and adhere to software stan- 
dards for the hardware standards 
that are already in place—thus entic- 
ing the OEM and system integrator 
to buy, rather than build, by offering 
quicker time to market, easier in- 
tegration and surer interoperability. 
For individual vendors, the trick 
here is to achieve distinctiveness de- 
spite the commonality: to make one 
product stand out among a slew of 
near equivalents. O 
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Bringing software expertise in-house: why it works 


ith time-to-market win- 
dows continuing to shrink, 
system designers and inte- 


grators are beginning to evaluate 
more than Mips ratings when choos- 
ing a CPU board vendor. And with 
competition in the board business 
stiffening and more vendors offering 
comparable products, they’re becom- 
ing more choosy. Increasingly today, 
they’re looking for a complete system 
solution, not just pieces of the puzzle, 
and they expect board vendors to as- 
sume more and more of the system- 
integration role. Increasingly, too, 
the successful board vendors will be 
those who are willing to take their 
customers by the hand and guide 
them through the entire system-inte- 
gration process. The vendors will 
have to provide device drivers for the 
customer’s choice of hardware; sup- 
port and fine tune a variety of oper- 
ating system and communications 
packages; help integrate other ven- 
dors’ boards; and provide expertise in 
the customer’s target application. 

In many respects, software support 
has come full circle. In the CP/M 
days, board vendors almost univer- 
sally offered operating system and 
driver support. Later, as Unix began 
to predominate and the variety of 
hardware configurations expanded, 
vendors began to rely increasingly on 
third-party porting houses. Today, 
however, heavy reliance on outside 
software expertise is beginning to 
create serious problems for board 
vendors. In addition to the expense 
involved, turnaround time can cause 
delays. With more and more vendors 
turning to outside porting houses, a 
considerable backlog is developing, 
which is being exacerbated by the 
proliferation of new system architec- 
tures and processors. 

The advent of reduced-instruction- 
set processors, in particular, has cre- 
ated quite a dilemma. Until recent- 
ly, designers of high-performance 
CPU boards opted primarily for one 
of three processor families—Intel’s 
80X86, Motorola’s 68000 or Nation- 
al’s 32000—and upgrades were im- 
plemented as the IC vendors intro- 
duced next-generation processors. 
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Chris Priebe, President, Heurikon, Madison, WI 


Because these processors were object- 
code compatible with previous-gener- 
ation family members, there were 
minimal porting difficulties associ- 
ated with upward migration. 

The move to RISC has changed 
that, though. Because these proces- 
sors aren’t object-code compatible 
with previous-generation processors, 
it’s a considerable effort to port new 
operating systems, write new device 
drivers and port application pro- 


a 
Designers 


expect 
board vendors 
to assume 
a greater role 
in system 
integration. 
a 


grams—which, even if written in C, 
often require more than simple re- 
compilation. This, coupled with the 
large number of RISC offerings, has 
created a deluge of requests for out- 
side porting services that’s outstrip- 
ping the supply. 

In effect, this reliance on scarce 
outside porting services makes the 
porting house a board vendor’s busi- 
ness manager, with turnaround time 
depending on the degree to which the 
porting company values the board 
company’s business. Quality can also 
be a problem. The rush to handle the 
backlog of porting assignments, as 
well asa lack of familiarity with new 
RISC architectures, could cause an 
increase in driver and kernel bugs. 
The quality of optimizing compilers 
could also degrade, as third-party 
compiler writers must quickly cope 
with a wider range of unfamiliar ar- 
chitectures. 


Bf in-house source code 

Some vendors are trying to bolster 
support by strengthening their in- 
house software capabilities. Instead 
of relying on outside porting houses 
to handle their software needs, board 
vendors are purchasing the source 
code for the operating systems and 
communications packages they sup- 


port, and they’re adding internal 
programming staff to manage them. 

Heurikon, for example, has found 
that having in-house system pro- 
grammers can provide a several- 
month advantage over the competi- 
tion in porting new Unix releases. In 
addition to porting operating sys- 
tems, writing device drivers and 
debugging system interfaces, these 
programmers can customize an oper- 
ating system and fine tune the com- 
piler so that both work efficiently in 
the target environment. This capa- 
bility can prove especially valuable 
in real-time applications. 

In-house support for compilers is 
also proving valuable. While writing 
a new compiler is beyond the capabil- 
ities of most board companies, pur- 
chasing the source code and under- 
standing the operation of a compiler 
can provide several advantages. Ifa 
customer uncovers a bug, for exam- 
ple, the board vendor can identify the 
bug, get the patch from the compiler 
vendor and implement the patch di- 
rectly. By having the source code in- 
house, the board vendor doesn’t have 
to wait for the compiler vendor to 
recompile and test the updated com- 
piler, which may take months. 


B Putting it all together 

Designers of real-time systems are 
increasingly opting for combinations 
of Unix and real-time kernels in 
which a Unix host serves as the 
development environment. In this 
arrangement, the final code is down- 
loaded to the real-time kernel on the 
target for execution. 

The problem with complex operat- 
ing system interconnections, how- 
ever, is that their various com- 
ponents—operating systems, cross- 
compilers, drivers and TCP/IP 
software—were designed by multiple 
vendors. Consequently, it may be dif- 
ficult to isolate bugs to a particular 
component or obtain timely support 
from the vendor who designed the 
component. Again, by bringing the 
source code for these communica- 
tions packages in-house, board ven- 
dors can respond more quickly to 
customer requests. 
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he continuing drive for perfor- 

mance at all levels of the com- 

puter industry speaks well for 
the future of real-time operating sys- 
tems and embedded computers. True, 
most of the action appears to center 
on industrial, scientific and military 
applications—the traditional hotbeds 
of deterministic computing. But new 
computing needs entering the scene 
are likely to offer unprecedented op- 
portunities and rapid market expan- 
sion for real-time solutions. Even the 
desktop personal computer is ap- 
proaching deterministic behavior as 
workstation demands for multidi- 
mensional color graphics and zero- 
latency I/O increase unabated. 

Designers of real-time systems are 
focusing more on off-the-shelf board- 
level products and “‘canned” operat- 
ing systems as routes to shortened 
development cycles and reduced ar- 
chitectural risks. The board and oper- 
ating system markets have been 
moving in lockstep for several years, 
though in 1988 the sales growth rate 
for software vendors in the real- 
time embedded computer market has 
surged ahead of the hardware side. 
It’s safe to predict that both markets 
can anticipate healthy growth rates 
as more OEMs and integrators de- 
cide to buy rather than build. 

One of today’s most vigorous 
trends—the demand for application 
portability—is likely to affect board- 
level hardware and real-time soft- 
ware vendors in new ways. System 
users want application transparency, 
the ability to port the capabilities of 
an integrated system to a new en- 
vironment without reinventing the 
hardware and software. Users are 
asking difficult questions about the 
new generations of reduced- and 
complex-instruction-set computer 
(RISC and CISC) processors and 
about the impact of new instruction 
sets on programmers writing or re- 
writing application code. 

The board-level industry is re- 
sponding with both fresh hardware 
and software and fresh insight. It ap- 
pears certain that the industrial 
world has standardized on C as the 
| development language for new appli- 


cations, in part because it allows ap- 
plication portability. Of the available 
high-level development languages, C 
is the closest to assembler without 
actually being a machine language. 

Compared with machine code, how- 
ever, C doesn’t lock users into specific 
architectures, and C programs can 
move among CISC and RISC proces- 
sors with minimum effort. Today’s C 
compilers impart only a minor 
penalty over machine language— 
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about 20 percent in execution speed 
and code size. Thus, it doesn’t pay to 
write in anything but C except for 
the most time-critical applications. 

Like the industrial world as a 
whole, the VMEbus industry is rec- 
ognizing the need for a portable ap- 
plication language and is moving to 
C as a standard development lan- 
guage. For this purpose, The VME- 
bus International Trade Association 
(VITA) has formed a committee of 
hardware and software vendors. The 
committee expects to develop an 
interface definition written in C and 
adaptable to any computer language. 
Meanwhile, the IEEE-sponsored Po- 
six (Portable Operating System 
Interface) subcommittee of the Unix 
standards committee is developing a 
portable interface in C. 


8 Driver-level standardization 
The development of software drivers 
is particularly important in embed- 
ded real-time systems because the 
driver code usually has to operate 
without latency or overhead. Pro- 
gress is being made toward stan- 
dardization, which will sharply 
reduce the level of effort needed to 
prepare custom drivers. 

The solution to driver development 
has been, and still is, tight coopera- 


Real-time computing demands standards 
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tion between hardware and software 
vendors. Board buyers, for example, 
have relied on their hardware sup- 
plier to recommend a vendor of real 
time operating systems who also has 
a reputation for driver support 
Now, however, the task is being 
split into two parts. Hardware mak 
ers are beginning to supply drivers 
for their boards using a provisional 
standardized driver interface written 
in C. (The Posix committee is still 
working on the exact definition.) The 
vendor’s basic drivers, each unique 
to a particular board, marry those 
boards to the standard interface. 


Bf Real-time operating systems 

At the real-time operating system 
level, software suppliers serving a 
market that has adopted a standard 
interface will provide an operating 
system that exercises drivers via that 
interface. This will eliminate user 
frustration from having to write 
unique drivers. Given the task’s com- 
plexity for most system integrators, 
the new methodology provides a very 
attractive quick start to system 
development. 

Today’s real-time operating sys- 
tems use a wide range of languages, 
most of them machine-based, which 
has always been perceived as the 
route to performance. In time, how- 
ever, these languages will probably 
be rewritten in C or will at least get 
aC interface to gain portability and 
machine independence. Operating 
system vendors may argue that their 
current products have kernels that 
accommodate C, but the interfaces 
are unique for each kernel, however, 
which is hardly the way to achieve 
portability. 

As we move into the 1990s, sales of 
high-performance boards and real- 
time operating systems will swell 
rapidly as more markets discover the 
virtues of off-the-shelf hardware and 
software. The continuation of today’s 
trends—standardized interfaces and 
prepackaged driver code, plus the 
rapid increase in board-level func- 
tionality—will weigh heavily in the 
designer’s decision to buy, rather 
than build, a real-time solution. 
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Real-time development tools come to life 


Jennifer F Maher, Marketing Manager, Wind River Systems, Emeryville, CA 


en years ago, when system per- 

formance hovered around 0.1 

Mips, on-board memory capped 
out at 64 kbytes, and application pro- 
grams had around 750 lines of assem- 
bly code, traditional real-time devel- 
opment environments proved ade- 
quate. Current technology, however, 
has brought processor performance 
ranging from 5 to 100 Mips, on-board 
memory of up to 16 Mbytes and pro- 
grams with up to 100,000 lines of C 
code. With this evolution in technol- 
ogy, one would expect parallel ad- 
vances in development software. While 
this may hold true for those developing 
for Unix-based environments, real-time 
designers have been left with seem- 
ingly archaic tools and methods for 
developing their applications. 

Until recently, designers have been 
faced with two equally unsatisfac- 
tory development environments for 
real-time applications. While Unix 
development environments are rich 
in tools, networking capabilities and 
user friendliness, they’re unfit to 
meet the stringent demands of real- 
time systems. At the same time, the 
highly optimized architecture of a 
real-time kernel makes it ill-suited 
as a development platform. 

As a result, designers of real-time 
systems have been faced with a two 
options: develop systems under a 
Unix environment and sacrifice real- 
time target performance, or develop 
on the real-time target and bear an 
increased burden on human and 
financial resources, as well as longer 
product development cycles. Although 
vendors have offered real-time Unix 
or Unix-like real-time solutions, 
many designers have been unwilling 
to accept millisecond solutions 
over the microsecond performance 
achieved by true real-time kernels. 

After selecting a realtime solution, 
developers were forced to combine 
the hardware and software them- 
selves. To do this, they had to inte- 
grate the Unix host and the real-time 
target, as well as each target soft- 
ware module (kernel, file manager, 
I/O system and debugger) to form a 

complete real-time system—at best, 
a difficult and time-consuming pro- 


cess. After the modules have been in- 
tegrated, development has been 
typically done on the Unix host, with 
the code downloaded over a serial 
link—a very noninteractive and er- 
ror-prone process. Once the system is 
complete, the developer has had to 
connect a terminal to the real-time 
target and begin debugging with the 
limited tools that are available in 
the ROM monitor. 

Although this development process 
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achieved the desired real-time perfor- 
mance, these rudimentary develop- 
ment tools can no longer meet the 
needs of today’s high-speed systems 
and complex topologies. The tools 
lack three important features to 
meet the demands of state-of-the-art 
computer technology: extensive net- 
working facilities, sophisticated 
debugging tools and a friendly user 
interface. 


8 Tooling up for real time 

Software vendors have recently 
developed methods that take advan- 
tage of Unix as the development en- 
vironment, while at the same time 
achieving the high-performance, 
tightly coupled solutions required by 
demanding real-time applications. 
Typically, Unix is used as the host 
development platform, with facilities 
to edit, compile and store real-time 
code that can run and be debugged 
under the real-time target. As with 
previous methods, the real-time soft- 
ware resides on each real-time 
processor and handles the debug- 
ging, testing and running of real- 
time applications. 

The newer solutions offer network- 
ing capabilities, high-level source- 
level debugging tools, and support for 
remote file access and remote proce- 


80 OCTOBER 1, 1988 COMPUTER DESIGN 


dure calls. These additional facilities 
allow for faster, more efficient devel- 
opment and run-time performance. 
With them, for example, an engineer 
can develop software at a worksta- 
tion under Unix and download code 
over a single Ethernet connection to 
a remote server. To the developer, 
the real-time target appears in a win- 
dow as yet another network resource. 

During development, Unix host 
systems are connected to real-time 
servers on high-speed networks or 
through shared memory on a com- 
mon backplane. Development can be 
done from any number of hosts to any 
number of targets, with crashes on 
the real-time server being complete- 
ly isolated from Unix and its 
resources. At run time, real-time tar- 
gets can continue to share the net- 
work, be accessed as network re- 
sources or be removed from the net- 
work entirely. When software modifi- 
cations are required, the developer 
simply remotely logs in to the server 
through a window on the Unix host. 

With these new real-time solu- 
tions, developers are finally offered 
powerful and sophisticated real-time 
development environments equal to 
today’s hardware technology. In the 
future, it’s likely that application 
development tools will continue to 
expand in capability and perfor- 
mance along with hardware technol- 
ogy. Debugging tools must become 
even more sophisticated as real-time 
applications become increasingly 
complex. Software vendors must pro- 
vide solutions to take advantage of 
the hardware characteristics of high- 
performance RISC, multiprocessing 
and parallel-processing architectures. 

In the not-so-distant future, we can 
look forward to 100-Mips hybrid sys- 
tems offering both Unix and real- 
time functionality in a single desktop 
enclosure and networked to other 
powerful resources perhaps thou- 
sands of miles away. With real-time 
software tools hot on the heels of 
microcomputing technology, develop- 
ers may finally have access to real- 
time software that will no longer be 
overshadowed by the hardware it’s 
designed to support. O 
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Bus architectures shift to real-time multiprocessing 


Tom Willis, Software Product Marketing Manager, Intel/OEM Modular Systems Operation, Hillsboro, OR 


Q-bus—the open-architecture 

buses that have enjoyed the 
greatest success in real-time mar- 
kets—is primarily attributable to the 
buses’ real-time software support: 
RSX-11M system software from Dig- 
ital Equipment Corp (Maynard, MA) 
for Q-bus, and Intel’s iRMX for Mul- 
tibus. In contrast, the lack of com- 
parable real-time system software 
support for other buses has prevent- 
ed them from making effective in- 
roads in this market. 

In the next few years, industry- 
standard bus boards will be used 
more extensively in real-time appli- 
cations as they replace more expen- 
sive minicomputer-based systems. 
Single-board computers alone—rep- 
resenting $0.6 billion of 1987’s $4 bil- 
lion real-time OEM market—are ex- 
pected to enjoy 20 percent annual 
growth over the next few years to 
represent a $1.24 billion share of 
1991’s almost $8 billion OEM mar- 
ket. Of 1987’s $600 million OFM 
market for bus boards in real-time 
applications, Multibus captured a 36 
percent market share, Q-bus 35 per- 
cent, STD Bus 8 percent, VMEbus 7 
percent and Multibus II 4 percent. 

Although Multibus and Q-bus will 
show continued strength in real-time 
markets, Multibus II and the IBM 
AT bus will also capture a significant 
share of the market. By 1991, it’s 
projected that Multibus will shrink 
to a 26 percent market share, Q-bus 
to 24 percent, VMEbus to 5 percent 
and STD Bus to 4 percent, while Mul- 
tibus II reaches a 20 percent share 
and the AT bus 12 percent. The suc- 
cess of Multibus II in the real-time 
market will be based on its sophisti- 
cation, support for multiple operat- 
ing systems within the same back- 
plane, and suitability for multipro- 
cessing. Multiprocessing, in fact, will 
play an increasingly important role 
in real-time systems. The success of 
the AT bus will be a function of its 
low entry costs. 

The main handicap of AT bus sys- 
tems for real-time applications has 
been the lack of a widely accepted 
real-time operating system. But, re- 
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cent support for iRMX on the AT bus, 
will result in rapid growth of AT- 
based real-time systems as the bus 
gains credibility as a very low cost al- 
ternative to minicomputers or more 
functional open-architecture buses. 

This new low cost point will in- 
crease the growth of the real-time 
market in two ways. The low cost of 
the AT bus solution will enable the 
implementation of real-time applica- 
tions that were formerly too expen- 
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sive. Perhaps more important, the 
low cost will make it possible for 
more entrepreneurs, until now frozen 
out by the high cost of entry, to get 
started in real-time markets. 


Bf More processing power 
Perhaps the most important reason 
for the overall growth of multipro- 
cessing is that it reflects the mul- 
titasking nature of the real world 
itself. In addition to giving more 
processing power to an application, 
multiprocessing also allows the use 
of simpler, faster synchronous soft- 
ware solutions. But real-time mul- 
tiprocessing poses some problems 
that are different from those of multi- 
rocessing in other applications. Un- 
ike other types of computing, real- 
time systems cannot be satisfied with 
good average response, but must 
specify and meet a worse-case re- 
sponse time. 

Multiprocessing on a shared-mem- 
ory bus such as Multibus has been 
successfully implemented in real- 
time systems, but limited numbers of 
interrupts and limited bus band- 
width have prevented expansion 
much beyond two or three bus mas- 
ters. The design of multiprocessing 
applications on Multibus has also re- 
quired special—and rare—expertise. 


As a result, most Multibus systems 
have been implemented with a single 
master CPU and intelligent I/O on 
the other cards. 

In contrast, Multibus II was de- 
signed to make real-time multipro- 
cessing easier and more powerful. Its 
key advantage for real-time multi- 
processing is its dependence on mes- 
sage passing, rather than shared- 
memory message processing, for in- 
terprocessor communications. Mes- 
sage passing lets the bus support up 
to 20 bus masters yet still guarantee 
that an interrupt message from any 
master will reach its destination 
within 20 ps. If one CPU is given pri- 
ority, Multibus II can guarantee a 
l-us transfer time for an interrupt 
message. 

Message-passing multiprocessing 
has also allowed a dramatic expan- 
sion in the number of interrupts that 
a bus can support: Multibus II can 
support up to 255 different interrupt 
sources. The standardization of Mul- 
tibus II communications makes it 
easy to ensure that all the processors 
on the bus are communicating 
together efficiently. 


B Micro Channel stays put 


What about the Micro Channel sys- 
tem bus? It’s not likely to gain sig- 
nificant market share in the real- 
time market over the next three years. 
The AT bus will represent a superi- 
or solution for several reasons. First, 
with its many suppliers, the AT bus 
will cost less. Second, the AT bus will 
continue to have a much wider vari- 
ety of third party add-in boards suita- 
ble for real-time applications. 
Third, about 50 percent of OEMs in 
the real-time market build at least 
one custom expansion board for their 
systems and, because Micro Channel 
boards require an IBM license, most 
OEMs will resist making this extra 
effort as long as the AT bus remains 
a viable alternative. Fourth, the lack 
of real-time software support for the 
Micro Channel and of a fully func- 
tional real-time operating system 
will hinder the development of real- 
time applications on Micro Channel 
bus systems. im 
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VMEbus gears up for 1990s computing 


Shlomo Pri-Tal, Manager, VME System Technology, Motorola/Microcomputer Division, Tempe, AZ 


evolutionary advances in mi- 

croprocessor technology, cou- 

pled with advances in pack- 
aging technologies, make today’s 
board-level products deliver function- 
al complexity and performance that 
were the exclusive domain of yester- 
year’s mainframes. As a result, the 
VMEbus community is rapidly refo- 
cusing to address system-oriented, 
rather than board-oriented, strate- 
gies. To address these issues in the 
context of the continuing joint and 
open development of the VMEbus, 
the technical committee of the VME- 
bus International Trade Association 
(VITA) has formed three subcommit- 
tees and a working group. 

The VITA Software Par aocmitittes 
(SWSC) is working on creating speci- 
fications that will let software com- 
ponents interoperate in a system en- 
vironment. In today’s systems, the 
software—rather than the hardware— 
has a more significant impact on the 
interoperability of system compo- 
nents. The SWSC will identify inter- 
faces that affect the interoperability 
of the system’s software and will 
develop suitable specifications to be 
proposed as VITA standards. 

The major task of the SWSC is to 
develop the Open Real-time Kernel 
Interface Definition, which has the 
initial purpose of allowing the devel- 
opment of portable drivers. The 
SWSC subcommittee will also look at 
common object file formats, as well as 
common media formats that will al- 
low media transport among the var- 
ious manufacturers’ systems. 

Another subcommittee is charged 
with identifying and pursuing poten- 
tial areas of further specification for 
backplane-related issues. Since 
many backplane-related areas have 
already been addressed in other docu- 
ments, the Backplane Subcommittee 
will take such documents into ac- 
count to eliminate potential incom- 
patibilities with approved practices. 

A third subcommittee will study 
proposals to standardize a command 
and status register (CSR), possibly in 
the VMEbus short addressing range. 
On a more general level, the CSR 
Subcommittee’s efforts are directed 


toward finding a more flexible way of 
configuring VMEbus systems. 


8 A long-range strategy 

To study the issues associated with 
the future evolution of VMEbus, 
VITA has established the Next 
Generation Architecture Working 
Group (NGAWG). VITA recognizes 
that VMEbus is the predominant 
32-bit microcomputer architecture 
and that to maintain that position, a 
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long-range strategy that will let the 
VMEbus industry accommodate new 
microcomputer technologies must be 
developed. 

The activity of this working group— 
drawn from the ranks of VMEbus 
users, vendors of VMEbus board- 
level products, vendors of VMEbus 
systems and platforms, as well as 
vendors of VMEbus software—is 
motivated in large part by the advent 
of very high performance reduced- 
instruction-set processors from such 
companies as Motorola, Sun Micro- 
systems, MIPS Computers, Advanced 
Micro Devices and others. While 
VMEbus does provide a system en- 
vironment for these processors, they 
stretch its capabilities. Further, it 
would be somewhat naive to assume 
that current offerings of RISC and 
CISC (complex-instruction-set) pro- 
cessors represent the absolute maxi- 
mum in achievable performance. 

Recognizing that VMEbus can’t op- 
timally provide a system intercon- 
nect for these ultrahigh-performance 
engines, the members of VITA have 
agreed to jointly, openly and in a 
timely manner develop a long-range 
strategy that will let the VMEbus in- 
dustry take advantage of these new 
and exciting technologies. The NGAWG 
will initially articulate market require- 


ments and formulate a business plan 
for the organized introduction of a next- 
generation VMEbus architecture, as 
well as identify the features that such 
an architecture must provide. These 
features will then be studied by the 
VITA Technical Committee, which will 
formulate an appropriate solution. 


i Possible new transactions 


Various proposals for defining the 
use of the VMEbus reserved line 
have been made but, until recently, 
the VITA technical committee has 
“jealously guarded” (as some users 
termed it) the line’s reserved nature. 
However, the demands placed upon 
VMEbus board-level products to pro- 
vide building blocks in sophisticated 
computer systems require that the 
alternative uses for the reserved line 
be carefully studied. 

The committee is looking into using 
the reserved line as an open-collector 
inverse response strobe (RS*) driven 
by slaves. This will accommodate two 
frequently requested new types of 
data transfers: a broadcast transfer 
to support message-oriented and 
cache-based architectures, and a 
cycle-retry request to resolve access 
deadlocks in multicrate architec- 
tures (those where multiple VME 
chassis are interconnected to form a 
single system). The major challenge 
in defining the reserved line is to 
maintain compatibility with existing 
VMEbus products. The board must 
be able to coexist with new boards in 
the same backplane without having 
or suffering an adverse impact due to 
the new protocols. 

The joint development of VMEbus 
standards has established an un- 
matched tradition of cooperation 
among several competing companies 
to openly develop specifications that 
promote interoperability among high- 
performance board-level products. 
Through joint and open technical 
cooperation in the VMEbus commu- 
nity, the VITA technical committee 
is responding to the needs and the 
technological advances of an ever- 
changing industry to ensure that the 
VMEsystem remains the predomi- 
nant open system architecture. 
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High-performance processors pose new challenges 


Richard Billig, Director, Series 32000 Value-Added Programs, National Semiconductor, Santa Clara, CA 


alancing the performance of 

tomorrow’s microprocessors 

may not be possible within the 
constraints of today’s bus board sizes 
and technologies. Without some sys- 
tem architecture changes, upgrading 
a board design from a 2-VAX-Mips 
microprocessor to a 10-VAX-Mips 
model could result in substantially 
less than the expected factor-of-five 
increase in performance. With pro- 
cessors at 50+ VAX Mips expected 
around 1990, this problem is likely to 
become more acute. 

The key to balancing microproces- 
sor performance is to provide ade- 
quate memory and efficient I/O. But 
memory and I/O developments aren’t 
keeping pace with the rapid evolu- 
tion of microprocessors. While 4-Mbit 
dynamic RAMs are appropriate for 
the the performance level of today’s 
CPUs, for example, they aren’t yet 
shipping in volume—not surprising, 
considering the expense and limited 
availability of 1-Mbit devices. Also, 
although disk drives are evolving to 
higher densities, mechanical posi- 
tioning techniques keep their data- 
access times at tens of milliseconds. 

Because microprocessor perfor- 
mance has increased rapidly, multi- 
user/multiprocess operating-system 
environments such as Unix have be- 
come increasingly popular in bus- 
based designs, even in embedded con- 
trol applications. This sophisticated 
software affects both the memory 
needs (due to virtual memory) and 
the I/O requirements (because of the 
design of the Unix disk I/O sub- 
system) of a system. 


B More memory needed 


Before the advent of virtual memory, 
balanced configurations typically 
contained at least 1 Mbyte of main 
memory per VAX Mips of CPU pow- 
er. With virtual memory, however, 
that number has increased to 2 to 4 
Mbytes per VAX Mips. Experience 
has shown that, whether for a micro 
or a mainframe, adding physical 
memory is often the best way to im- 
prove virtual memory performance. 
Based on these guidelines, a 2-VAX- 
Mips workstation would be fine with 


4 Mbytes of DRAM on-board, but a 
10-VAX-Mips design would be under- 
configured even with 16 Mbytes. 
The new-generation processors will 
thus need more than the 4 to 8 
Mbytes of memory that represents 
the current packaging limit for a 
single-board computer. But going off- 
board for main memory fetches, even 
on the fastest of dedicated memory 
buses, significantly degrades perfor- 
mance. As a result, the latest CPUs 
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use high-speed, on-board cache to 
mask the slower bus memory and al- 
low graceful expansion to very large 
memory. 

With the increasing interest in ef- 
ficient shared-memory multiprocess- 
ing, the caches used must become 
more sophisticated to maintain con- 
sistent data in each CPU’s cache de- 
spite the independent actions of other 
CPUs. Up to acertain level of perfor- 
mance, data consistency can be 
achieved with a bus-watching sub- 
system and write-through cache de- 
sign. However, very high-perfor- 
mance CPUs and efforts to put large 
numbers of CPUs into a single sys- 
tem demand different caching dis- 
ciplines (such as copy-back or owner- 
ship-based designs) that buses such 
as VMEbus and Multibus II can’t ac- 
commodate. To meet these growth 
needs, more advanced system buses 
such as Futurebus will be required. 


Bf Addressing I/O bottlenecks 

Even with adequate memory, I/O bot- 
tlenecks must also be addressed. 
Similar guidelines for balancing I/O 
needs can be derived. Most Unix I/O 
operations are a sequence of short 1- 
to 4-kbyte transfers. As a result, each 
request may require a large number 
of implicit seek operations and, con- 


sequently, many milliseconds of posi- 
tioning time to complete. 

The I/O performance of a system is 
best characterized not by I/O band- 
width in Mbytes per second, but by 
total I/O operations required per sec- 
ond. Experience with Unix on super- 
minis has shown that ten to twenty 
4-kbyte I/O operations/s per VAX 
Mips yields a reasonably well-bal- 
anced system. 

How many I/O operations per sec- 
ond can one 5%-in. disk drive pro- 
vide? Even with fast-access drives, 
the number is surprisingly small. 
With 2 or 3 ms for a SCSI (small com- 
puter system interface) command 
transfer, for example, plus a 16-ms 
average seek time and an 8-ms rota- 
tional latency, today’s better drives 
have a 27-ms positioning overhead 
for each random operation. 

Ultimately, only the actual 4-kbyte 
data transfer is affected by the I/O 
channel’s speed. For example, at 1.5 
Mbytes/s, an asynchronous SCSI will 
transfer the data in 2.7 ms, while a 
4-Mbyte/s synchronous SCSI will 
take 1 ms. The difference is so small 
that positioning overhead still dom- 
inates performance. Since an aver- 
age operation requires roughly 30 
ms, each drive can perform approxi- 
mately 33 I/O operations/s. 

The average 2-VAX-Mips system 
would thus need about 20 to 40 I/O 
operations/s, and one drive would suf- 
fice. But at the 10-Mips performance 
level, which requires 100 to 200 I/O 
operations/s, three to six drives 
would be required. At these levels of 
activity, the use of multiple SCSI 
channels can also contribute signifi- 
cantly to total I/O performance. 

Getting the most out of the latest 
high-performance board-level CPUs 
will require some experimentation 
and system tuning, adjusting physi- 
cal memory and I/O configuration to 
optimize speed and cost. This can 
best be done while operating the pro- 
posed system under a test suite that 
creates a meaningful multiprocess 
and multiuser system load. Only 
with this type of experimentation can 
the whole promise of the new CPU 


technology be realized. | 
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IPI could do for I/O what RISC did for CPUs 


Ernest Godsey, Director of Product Marketing, Interphase, Dallas, TX 


were wooden nickels. It has 
reached the point where system de- 
signers have to wonder how mean- 
ingful Mips ratings really are when 
it seems as though new super-Mips 
RISC chips are announced every 
week. What these announcements 
don’t address, however, is the very 
practical question of how the system 
designer can increase I/O subsystem 
performance to balance the perfor- 
mance of a new high-performance 
processor. After all, even the fastest 
CPU can be slowed to a crawl by its 
1/O subsystem. The Intelligent 
Peripheral Interface (IPI) could in- 
crease I/O subsystem performance 
just as reduced-instruction-set com- 
puting (RISC) has increased the per- 
formance of CPUs. 

Until the recent crop of high-perfor- 
mance microprocessors so dramati- 
cally increased the Mips ratings of 
CPU boards, high-performance peri- 
pheral interfaces such as storage 
module drive (SMD), enhanced small 
device interface (ESDI) and small 
computer system interface (SCSI) 
were quite adequate for configuring 
high-performance open-bus systems. 
High performance, however, is a 
relative term. While SMD has the 
highest performance capabilities of 
these three interfaces, the perfor- 
mance of the emerging IPI standard 
begins where SMD’s performance 
leaves off. 


Bi iPi’s higher speed 

Today’s advanced SMD-E drives can 
achieve data-transfer rates of up 
to 2.4 Mbytes/s, which matches the 
rate of the first-generation IPI drives. 
As it stands, however, the IPI specifi- 
cation can support rates up to 10 
Mbytes/s, and drive manufacturers 
intend to extend that specification 
well past this rate. The speeds and 
storage capacities of IPI mass-storage 
subsystems will continue to improve 
as more advanced drives and control- 
lers are introduced, bringing con- 
tinually improving price/perfor- 
mance ratios. 

Even the current IPI specification 


PU vendors toss around Mips 
these days as if the ratings 


defines transfer rates that are well 
above the rates of available drives us- 
ing a single read-write head for each 
disk data surface. Future plans by 
the ANSI committee that’s refining 
the specification could significantly 
expand the capabilities of the paral- 
lel data path. This kind of expansion 
capability could provide future trans- 
fer rates that will be fast enough to 
accommodate the I/O needs of the 
next several generations of advanced 
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computer systems. It’s only a matter 
of time before IPI becomes the domi- 
nant factor in high-performance I/O 
subsystems. 


Bf The parallel advantage 

Perhaps the most obvious technical 
distinction that IPI has is its paral- 
lel 16-bit data path. Earlier device- 
level interfaces such as SMD and 
ESDI use a serial data path, which 
necessarily limits the data-transfer 
rate to the signaling rate of the inter- 
face itself. An SMD-E interface that’s 
operating at 24 MHz, for example, 
transfers 1 bit of data at atime and— 
taking disk formatting into account— 
will achieve approximately 2.4- 
Mbyte/s transfer rates for usable 
data. Because an IPI drive transfers 
16 bits of data simultaneously, in 
contrast, it need only operate at 
about 1.5 MHz to achieve the same 
data-transfer rate. 

SCSI also specifies a parallel data 
stream: in this case, an 8-bit path. 
But while SMD, ESDI and IPI Level 
2 are all device-level interfaces be- 
tween a disk drive and controller, 
SCSI is a system-level interface 
that’s most commonly used between 
asystem-resident host adapter anda 
drive with its own embedded control- 
ler. It’s thus more aptly compared to 
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IPI Level 3, which functions as a 
16-bit system-level interface. 


B No free lunch 

Although IPI certainly has the per- 
formance potential to interest system 
designers, it also has a price: great- 
er complexity in the disk drive and 
the disk drive controller. The IPI disk 
drive, for instance, performs data 
serialization/deserialization, which 
was formerly handled by the control- 
ler. The IPI controller, in turn, must 
have hardware components with ade- 
quate processing capabilities to man- 
age the protocols of the new inter- 
face, plus an architecture that’s effi- 
cient enough to maintain the higher 
speeds that IPI allows. An internal 
bottleneck in the architecture of an 
IPI controller can erode any speed ad- 
vantage that’s inherent in an IPI 
disk drive. 

No matter which interface is being 
used, a disk controller must perform 
a certain amount of processing for 
every block of data transferred. Be- 
cause of the increased speed of IPI 
drives, more data blocks will be 
transferred to the controller per unit 
time than would be the case with 
another interface. The increased 
data rates will require that the pro- 
cessors used on disk controllers be- 
come faster, perhaps even rivaling 
the speed of the host system’s CPU. 
The controllers will also need larger 
cache memories to accommodate the 
larger track sizes of IPI drives. In ad- 
dition, a high-speed interface to the 
host will be needed to quickly trans- 
fer data to host memory. 

The availability of high-perfor- 
mance IPI drives and controllers for 
use with powerful VMEbus-based 
computer systems will accelerate the 
acceptance of the new interface. With 
the performance enhancements that 
are expected from future versions of 
IPI, however, it’s conceivable that an 
IPI I/O subsystem could be capable of 
swamping any of today’s open-archi- 
tecture buses. The full advantage of 
IPI thus may not be realized until the 
data rates of existing buses are in- 
creased beyond today’s performance 
levels. 
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ood, bad or mediocre, a local 

expansion bus affords the 

most effective way to imple- 
ment greater board functionality. By 
providing a secondary path, the ex- 
pansion bus lets a processor board ac- 
cess additional memory and I/O 
without using the system bus. Yet 
every local bus places certain con- 
straints, whether mechanical or elec- 
trical, on system expansion. 

Paralleling the trend toward high- 
ly integrated boards, the number of 
local expansion buses on the market 
has soared. In fact, Multibus and 
VMEbus each have their own family 
of local expansion buses. Multibus 
uses one expansion bus for I/O expan- 
sion, one for memory expansion and 
still another for DMA functions; 
VMEbus, suffering from the lack of 
a standard, has an even greater pro- 
fusion of expansion buses. 

With so many buses to choose from, 
what’s the optimum combination of 
features for system expansion? From 
experience, we know an expansion 
bus should provide a cost-effective 
way of adding various functions toa 
system and should support high-per- 
formance processors with a simple 
interface. At the same time, maxi- 
mum performance demands a wide 
address range, vast amounts of mem- 
ory, DMA capabilities and optimized 
interrupt capacity. 

More specifically, the ideal bus 
should support the address and data 
widths of today’s processors, with a 
32-bit data path being the norm. To 
simplify interfacing, this expansion 
bus should relegate multimaster ca- 
pabilities to the system bus since the 
host board usually acts as bus mas- 
ter. The cost of developing the inter- 
face is noticeably smaller with this 
approach. For mechanical con- 
venience, the expansion bus could 
provide a method for mounting more 
than one module per host board. Fur- 
thermore, the expansion bus, like the 
system bus, should permit insertion 
of any board into any slot. 


8 Comparing existing buses 
Just how well do existing expansion 
buses measure up to this hypotheti- 


cal expansion bus? The archetypical 
expansion bus—iSBX (single-board 
expansion bus) from Intel (Portland, 
OR)—provides a simple interface, 16- 
bit transfers and 16 address loca- 
tions. Intended specifically for paral- 
lel, serial and other I/O functions, 
SBX quickly won widespread accep- 
tance. Nevertheless, SBX has its 
drawbacks. Besides a limited data 
path and address range, it has inade- 
quate DMA and interrupt capabil- 
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ities for high-performance peripheral 
devices. Moreover, SBX allows just 
one module per connector, and these 
modules—though small to save 
space—are limited in functionality. 

Intel’s LBX (Local Bus Expansion), 
which is strictly for memory expan- 
sion in Multibus systems, features 8- 
and 16-bit data transfers, 24 address 
lines and up to five agents with pri- 
mary and secondary master support. 
But with only 24 address bits, LBX 
restricts memory to a 16-Mbyte di- 
rect address range. Similarly, it has 
too few data bits for 32-bit processors. 
Instead of connecting directly to a 
host board, LBX modules require an 
extra backplane in the card cage. As 
a result, boards become slot-sensitive 
based on the expansion bus they use. 

Foremost in the VMEbus family 
from Motorola (Phoenix, AZ), VMX 
(VMEbus Expansion), is used for 
both memory and I/O expansion. On 
the plus side, VMX has a 24-bit ad- 
dress path and a 32-bit data path. It 
can also handle block transfers, up to 
six expansion modules, and both pri- 
mary and secondary masters. On the 
minus side, multiplexed addressing 
slows data transfers because each 
transfer takes two cycles. And, like 
LBX, VMX extends memory to only 
16 Mbytes. The extra cable connect- 


The search for a better expansion bus 


Michael Curran, President, Micro Industries, Westerville, OH 


ed to the backplane for the VMX is 
physically inconvenient because it 
makes slot positions within the card 
cage bus-specific. 


8 A new European bus 

A new expansion bus concept from 
Europe incorporates the best features 
of existing buses with some innova- 
tive features of its own. Known as 
OME (On-board Module Expansion), 
this expansion bus from Siemens 
(Munich, West Germany) offers com- 
patibility with Multibus and VMEbus 
architectures on a Eurocard format. 
Not only does OME support both 
memory and I/O functions, but it also 
supports dual-port RAM expansion to 
64 Mbytes without adding a dynam- 
ic RAM controller. In addition, OME 
expedites rapid data transfers by us- 
ing separate lines for a full 32-bit data 
width and 26-bit address width. 

The OME’s less formal bus struc- 
ture makes it more like an extension 
of the processor bus than like a 
general-purpose system bus. Neither 
bus arbitration nor DMA controllers 
are necessary since modules on this 
independent monomaster bus func- 
tion strictly as slave boards. How- 
ever, OME does provide four DMA 
request lines, three address spaces, 
and interrupts vectored and cascad- 
ed across the bus by an interrupt con- 
troller on the OME module. 

With a stackable 96-pin DIN con- 
nector on each OME module, OME 
also solves many of the mechanical 
problems of system expansion. This 
connector permits the stacking of as 
many as four 160- or 220-mm mod- 
ules on one host board. An extra 
backplane is unnecessary with piggy- 
back mounting, and modules are in- 
dependent of the backplane. 

Even in such a small sampling, it’s 
clear that each expansion bus has 
distinct advantages and disadvan- 
tages. Considering that there are as 
many expansion buses as there are 
architectures, it would be surprising 
if a perfect solution for system expan- 
sion existed. Certainly the OME bus, 
with its stackable connectors, DRAM 
expandability and multifunctional- 
ity, deserves serious attention. 
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Militarized vs. mil-spec: appreciating the difference 


Doug Patterson, Marketing Manager for Military Products, Radstone Technology, Pearl River, NY 


there are fundamentally three 
build levels: commercial, true 
mil-spec and everything in between. 
The expected operating parameters 
of acommercial board are fairly con- 
sistent throughout the industry, and 
the characteristics of true mil-spec 
boards are laid out in full detail in 
volumes of military specifications. 
There’s much confusion, however, in 
the area in between, which includes 
the many VMEbus boards with such 
labels as ruggedized, temperature- 
hardened, extended temperature, 
militarized and even mil-qualified. 
This gray area contains the poten- 
tial for expensive yet avoidable sys- 
tem design crises. One recent gov- 
ernment contract recipient, for exam- 
ple, was assured by a board vendor 
that commercial boards could be used 
for system development and later 
militarized to meet the system’s mili- 
tary specifications. This approach 
didn’t work, and the company is 
spending a bundle to redevelop the 
system using true mil-spec boards. 
Boards built to commercial stan- 
dards can indeed be ruggedized after 
the fact to withstand environments 
more demanding than the general 
commercial target environment. But 
a standard commercial board can’t be 
postmilitarized up to true mil-spec 
standards. This capability must be 
designed in from the bottom up. 


: n the VMEbus board industry, 


8 Commercial characteristics 
Commercial boards and systems are 
designed to operate under controlled 
conditions in relatively benign en- 
vironments, such as laboratories, 
offices and some shop-floor applica- 
tions. These systems are expected to 
operate in temperatures from 0 to 
+55 °C and to withstand mechanical 
shock of up to 10 g and vibration of 
2 g at 5 to 100 Hz. Little attention is 
paid to the ability to withstand se- 
vere atmospheric effects such as salt 
spray or dust. 

At the system level, a commercial 
chassis most often provides con- 
venient board interconnections, ac- 
commodations for storage devices, 
interconnecting wire harnesses and, 


possibly, a power supply. Commer- 
cial systems are normally convec- 
tion-cooled by forced air blown across 
the active subassemblies. 
Temperature requirements for 
commercial systems can be easily 
met by using readily available active 
and discrete components and plastic- 
packaged ICs. Card-edge connectors, 
IC sockets and push-on links are ac- 
ceptable and often advantageous at 
the commercial build-level because 
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they allow for easy component re- 
placement and other modifications. 


8 True mil-spec boards 

At the other end of the spectrum are 
true mil-spec boards, designed to 
work reliably in hostile environmen- 
tal conditions such as wide tempera- 
ture extremes, air density fluctua- 
tions, shock, vibration, salt spray, 
dust, sand and water immersion. For 
the system designer, the combined ef- 
fects of multiple military design spe- 
cifications complicates the issue 
exponentially, which makes atten- 
tion to board-level detail increasingly 
important. 

To meet full military specifica- 
tions, a board must be operational in 
temperatures from —55 to +85°C 
and withstand thermal shock of up to 
+25 °C/min. It must remain opera- 
tional in 100 percent condensing con- 
ditions at altitudes from 1,000 ft 
below sea level to 70,000 ft above. 
The system should continue to oper- 
ate while being vibrated at up to 
2,000 Hz at 10 g. And the list goes on. 

Building a board that can survive 
in this kind of environment requires 
focusing from inception on mechani- 
cal issues and durability. Boards for 
these types of applications must use 
only military-qualified, high-reliabil- 


ity, hermetically sealed ICs and 
screened high-reliability active and 
passive components. To meet the tem- 
perature requirements, low-power 
CMOS components are generally 
used wherever possible, and the com- 
ponents that run the warmest are 
placed nearest the board’s edge. 

Furthermore, conduction cooling 
schemes must be used, which usually 
involve a thermal management lay- 
er (TML): a thin layer of metal, usu- 
ally an aluminum alloy, attached to 
the top of the printed circuit board, 
with cut-outs through which compo- 
nent pins pass so that the device 
package rests directly on the TML. 
When the board is mounted in its en- 
closure, the TML makes solid contact 
with the wall of the metal box, con- 
ducting heat from the components 
and transferring it to the inner walls 
of the system enclosure. 

Other requirements of full mil-spec 
boards include multiple layers and 
increased line widths to minimize the 
detrimental effects of shock and vi- 
bration, and the use of shielded and 
mechanically sound connectors, usu- 
ally with either a pin-and-socket or 
fork-and-blade contact design. 


B Ruggedizing sometimes works 
To be fully militarized, a board clear- 
ly must be designed that way from 
the start. Of course, some aspects of 
a fully militarized board may be im- 
plemented after the fact to give a 
commercial board added sturdiness 
for certain niche applications. This is 
often an efficient way to meet specif- 
ic environmental conditions, partic- 
ularly when one considers that a full 
mil-spec board generally costs at 
least seven times more than a com- 
mercial version of the same board. 
These gray-area, ruggedized boards 
might be used in applications such 
as pipeline-sensing equipment in 
weatherproof enclosures or sheltered 
air traffic control equipment. The 
operating specifications for such sys- 
tems are defined by the application 
and usually involve an environment 
somewhere between the relatively 
gentle commercial environment and 
the hostile military environment. [] 
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esigners choosing a bus for 
D use in personal-computer- 

based data-acquisition appli- 
cations will soon have just three 
major buses to consider. Of the three, 
the IBM AT bus is now the most 
popular for such applications. But 
the NuBus and the Micro Channel 
are fast becoming established as plat- 
forms for data-acquisition, test, and 
measurement applications. In the 
case of the AT bus, the popularity is 
largely due to improvements over the 
PC and XT buses: a faster processor, 
larger card size and an increase in 
data bus width to 16 bits. For the 
other two buses, the introductions of 
the Apple Macintosh II computer 
(based on the NuBus) and the IBM 
Personal System/2 computers (based 
on the Micro Channel, except Model 
30) represent significant advances in 
PC technology and pushed both 
buses off to strong starts. 

When comparing these three buses 
for laboratory data-acquisition appli- 
cations, one must consider bus band- 
width and size, memory-addressing 
capability, plug-in board size, power 
budget and multiple-processor sup- 
port. Data-acquisition applications 
are typically I/O-intensive and con- 
sume lots of bus bandwidth and 
memory. The more sophisticated 
applications require multiprocessor 
systems for real-time data process- 
ing. Standardization and legal con- 
straints on bus use are also pertinent 
issues. 

One of the most significant im- 
provements in PC technology is an 
increase in address and data bus 
width to 32 bits, coupled with an in- 
crease in raw data-transfer rates. 
The NuBus and Micro Channel have 
32-bit data buses and 32-bit address- 
ing capability, although the only 
PS/2 models with 32-bit slots are 
models 70 and 80. The Micro Chan- 
nel and NuBus support burst trans- 
fers of 20 and 37.6 Mbytes/s, re- 
spectively. The AT bus can transfer 
1.6 Mbytes/s, but achieving this rate 
has been very difficult for board 
manufacturers. 

The data-transfer capacity of a bus 
determines the data-acquisition sys- 


THE BUS PLATFORM 


tem’s overall throughput. For exam- 
ple, the NuBus can support a 12-bit, 
10-MHz analog-to-digital converter, 
and the Micro Channel can achieve 
about half that performance. The AT 
bus is limited to sub-1-MHz 12-bit 
A-D converter boards unless the man- 
ufacturer provides on-board memory. 


Bf The AT bus advantage 


Two of the significant advantages of 
the AT bus for data acquisition are 
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its large card size, approximately 56 
in.?, and a total computer power 
budget of 19.8 A at +5V, providing 
approximately 2 A per slot. Board 
size has a direct effect on the amount 
of functionality that can be provided 
by the board vendor. The NuBus has 
a similar card size, approximately 52 
in.”, but the Micro Channel limits the 
plug-in board manufacturer to an ap- 
proximately 36-in.* card. The net re- 
sult is that the Micro Channel board 
manufacturer must reduce function- 
ality, invest in gate array technology 
(which increases the development 
time and cost per product), or invest 
in surface-mount technology (which 
remains quite expensive). 

The Micro Channel has also severe- 
ly reduced the power budget. Per 
plug-in board, for example, 1.6 A at 
+5 V is alloted. This limits the num- 
ber of high-speed analog and digital 
components that can be used, requir- 
ing that the manufacturer use CMOS 
technology for most of the design im- 
plementation. The Macintosh II Nu- 
Bus power budget is similar to that 
of the AT Bus, alloting 2 A at +5V 
per slot. 

The biggest and most far-reaching 
strength of the NuBus and Micro 
Channel specifications is the inclu- 
sion of protocols and mechanisms for 


Buses vie for data-acquisition applications 


Audrey F. Harvey, Engineering Manager, Data Acquisition Div/National Instruments, Austin, TX 


multiple processor use of the bus. 
Both buses provide fair arbitration 
mechanisms that let a plug-in board 
gain control and use the bus to access 
other boards and/or system memory. 
These buses will, therefore, promote 
PC-based data-acquisition systems 
that provide high-speed, background 
processing of incoming data, while 
the main processor is used for run- 
ning the user interface and other 
operating system tasks. 

The Macintosh II implementation 
has the advantage here in that its 
68020 consumes any NuBus band- 
width when talking to its program 
memory, thus leaving the bus free for 
board-to-board communications. Un- 
fortunately, the PS/2 processors use 
Micro Channel cycles when commu- 
nicating with program memory. 
Boards using the Micro Channel for 
board-to-board communication have 
adverse effects on main processor 
computation time, and vice versa. 


Bf NuBus is IEEE standard 
Another advantage of the NuBus is 
its status as an approved IEEE stan- 
dard bus. Manufacturers may build 
NuBus boards or use the bus in their 
own PCs for a nominal licensing fee. 
In contrast, IBM has kept tight hold 
of the patented Micro Channel and 
has only recently announced plans to 
license it to PS/2 clone makers. 
Although the AT bus has some ad- 
vantages in the area of plug-in board 
size and power provided, its severe 
limitations in bus bandwidth and 
multiple processor support limit 
growth for data-acquisition applica- 
tions. The Micro Channel has suc- 
cessfully addressed the bus band- 
width and multiple processor support 
issues but has placed severe limita- 
tions on manufacturers of plug-in 
boards by reducing available space 
and power. This limitation may, how- 
ever, be only temporary as compo- 
nent size, component power and 
manufacturing technology advances 
are made. The NuBus, on the other 
hand, gives the best of both worlds, 
providing the highest bus bandwidth 
with almost negligible compromises 
in board size and power. 
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Omnicomp designs and manufactures high performance graphics sub- 
systems for a wide variety of applications. Addressable resolution is 1 to 2 million 
pixels while viewable resolutions are typically 1 million pixels, or greater. I/O 
speeds range from 1.2 MBytes to upwards of 40 MBytes per second. Vector 
drawing rates normally exceed 1 million pixels per second and, for the OMNI 
2000/2400 GDS approach 10 million pixels per second. Graphics computing 
speeds range as high as 7 mips for integer operations and 7 megaflops for 
floating point computations. 


In addition to bus-based configurations, each Omnicomp graphics display 
product can be supported using a wide variety of industry standard interfaces. 
Omnicomp manufactures a series of these interfaces for the IBM PC/XTIAT/RT, 
iSBX, and VME which emulate the DEC User Peripheral Interfaces; DR11-W, 
DRV11-WA, and DR11-C, DRV11. When installed in an appropriate host, these 
interfaces provide communication with DR11/DRV11 compatible peripherals, 
such as graphics display controllers. 


Whether your system uses the PC bus or the advanced architecture of 
MULTIBUS II, Omnicomp can provide a graphics display solution to meet your 
needs. Additionally, our products support DEC DMA interfaces to provide bus 
independent compatibility with many other computing platforms. 

Software compatibility is maintained across the Omnicomp product family 
lines via our OMNI* KERNEL SYSTEM (OKS) which provides easy access 
to on-board graphics functionality using FORTRAN and “C”. 


Supplying reliable, well engineered graphics subsystems at a competitive 
price is important. Even more important is providing an extra measure of com- 
mitment to insure our customer's success. Omnicomp makes that commitment 
with Custom Service. 

Our Custom Service is an attitude that emphasizes doing whatever is 
necessary to accelerate the integration of our products into your end-user solu- 
tions and to shorten your time-to-market. This includes providing application 
specific firmware, special interfaces, on-site engineering support and training, 
one-off packaging; almost anything that contributes to your success! 


GraphicsCorporation Graphics (UK) Ltd. 
Optimizing Computer Graphics... by Design. 


1734 West Belt North * Houston, Texas 77043 
713/464-2990 * Telex 285801 OMNICO UR 
Fax 713/827-7540 


OMNI 1400 GDC, OMNI 1500 DLP, OMNI 1500 GDS, OMNI 1600 GDC, OMNI 2000 GDS, and OMNI 2400 GDS are 
trademarks of Omnicomp Graphics Corporation. MULTIBUS, iSBX, 80188, 80386, 80387 are trademarks of Intel Cor- 
poration. DEC, DRV11, DR11-C, DRV11-WA, DR11-W are trademarks of Digital Equipment Corporation. IBM, PC, XT, 
AT are trademarks of IBM Corporation. Am29116, Am29325 are trademarks of Advanced Micro Devices. 


All specifications contained herein are subject to change without notice. 
© Copyright Omnicomp Graphics Corporation, 1988. 


OMNI 2400 GDS 
MULTIBUS I! 6U x 220 mm 
DEC DMA Compatible 
Up to 52 Planes with 4 Overlays 
1280 x 1024 Resolution 


Hardware Cursor, Zoom, Pan i Hani 
GKS Display List Processing ; Vii 
10 Mega Pixels/Second a | A 
Up to 3 Graphics Channels | 
2D & 3D Wireframe 


70 MIP Image Processing 
Local Input Device Support 


OMNI 1600 GDC 
GKS Display List Processing Via OMNI 1500 DLP 
Up to 256 Simultaneous Colors 
PC/AT Compatible 
Hardware Cursor, Zoom, Pan 
Palette from 4096 to 16.7 Million Colors 
Viewable Resolution 1280 x 1024 x 8, Plus 4 Overlays 
Addressable Resolutions 2048 x 1024 x 8, Plus 4 Overlays 


OMNI 1400 GDC 
PC/AT Compatible 
Up to 256 Simultaneous Colors 
Palette: Up to 16.7 Million Colors 
GKS Display List Processing Via OMNI 1500 DLP 
Hardware Cursor 
Viewable Resolution: Up to 1280 x 1024 x 8, Plus 2 Overlays 
Addressable Resolution: Up to 2048 x 1024 x 8, Plus 2 Overlays 


OMNI 1500 DLP/OMNI 1500 GDS 
PC/AT Compatible 
DEC DMA Compatible 
GKS Display List Processing 
80386/80387 Display List Processor 
1 to 4 Megabytes of DLP Memory 
4 RS-232-C Serial Ports 
OMNI 1500 GDS is an OMNI 1500 DLP plus 1 to 8 OMNI 1600 GDC’s 


OMNI 2000 GDS 

MULTIBUS II 9U x 400 mm 

DEC DMA Compatible 

GKS Display List Processing 

Viewable and Addressable 

Resolution: 1280 x 1024 

Hardware Cursor 

2 Overlay Planes 

Modular Configurations 

Multiple Processors 
Geometry Processor: 

Am29116 

F.P. Coprocessor: Am29325 
Graphic Coprocessor: Discreet 
Peripheral Coprocessor: 80188 
Display List Processor: 80386/80387 
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variety of I/O modules 


A family of digital signal processing 
(DSP) boards, modules and software 
for IBM PCs and compatibles, the 
DSPro line lets users tailor the I/O 
characteristics of each system. The 
flagship of the family is the PCI- 
20202C-1 DSP carrier board, which 
contains the TMS320C25 DSP chip 
from Texas Instruments. The board 
accepts a broad range of I/O modules 
that already exist as part of the 
manufacturer’s PCI-2000 family. In 
addition to the DSP chip, the carrier 


contains up to 96 kwords of zero-wait- 
state memory, interface circuitry for 
the I/O modules, and direct memory 
access capability for transfers to and 
from the PC’s memory. A broad line 
of software is available for the DSPro 
line. DSP Library Plus offers a large 
selection of software routines that 
are callable from programs running 
on the PC. 


| Burr-Brown 
1141 W Grant Rd 
Tuscon, AZ 85705 


| Circle number 150 
Booth #555 


80386 single-board computer 
targets Multibus | 


Based on a 20-MHz 80386 micropro- 
cessor, the CD21/8386 is a single- 
board computer for Multibus I appli- 
cations that’s hardware and software 
compatible with the Intel 386/3X 
series. The board features 1 or 4 
Mbytes of dual-ported dynamic RAM 
and uses four double-word interleaved 
banks of fast-page RAM to achieve 
zero wait states for most accesses, 
while eliminating the need for cach- 
ing. Sockets are provided for the 


82380 32-bit direct memory access 
controller, the 80387 numeric proces- 
sor and the Weitek 1167 numeric 
processor. Two SBX connectors and 
one RS-232 serial I/O port are offered, 
as well as full Multibus interface 
logic. The single-board computer is 
designed to accept 256-kbit, 1-Mbit or 
4-Mbit DRAMs, providing on-board 
potential of up to 16 Mbytes of mem- 
ory. With 4 Mbytes of RAM, the 
board is priced at $5,900. 
| Central Data 

| 1602 Newton Dr 

Champaign, IL 61821 


eres eee —=—— — 
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Multibus | adapter 
offers 5-Mbyte/s transfer rate 


The Rimfire 1500 Multibus I small 
computer system interface (SCSI) 
host bus adapter uses a first-in, first- 
out architecture with a 1-kbyte buffer 
to decouple the SCSI and Multibus I. 
Supporting up to four 5%- or 3¥%-in. 
single-, double- or quad-density 
drives, the board features a maxi- 


mum transfer rate of 5 Mbytes/s. 
Western Digital controller chips have 
been adopted on the device to provide 
the choice of either differential or 
single-ended SCSI bus options. Pro- 
viding maximum asynchronous and 
synchronous transfer rates of 2 
Mbytes/s and 5 Mbytes/s, respective- 
ly, the chips also support the discon- 
nect/reconnect feature of SCSI. Sin- 
gle-piece price is $1,195. 


| 2955 Xenium Ln 
| Plymouth, MN 55441 ; | 
| Circle number 152 e J 


Booth #449 


| Ciprico | 


STD bus SBC 
speeds to 12 MHz 


Designed for reliable 16-bit perfor- 
mance in the industrial and OEM 
environments, the CPU-186 is a 
80C186-based STD bus single-board 
computer with clock speeds of up to 


12 MHz. The board lets system de- 
sign engineers use an IBM PC-com- 
patible computer to develop software 
for applications such as data acquisi- 
tion, robotics control or automated 
testing. Supported by software tools 
for MS-DOS-compatible, ROM-based 
environments, the board hosts four 
serial ports and 24 parallel I/O lines 
for added industrial functionality. It 
also features up to 512 kbytes of bat- 
tery-backed static RAM, up to 256 
kbytes of EPROM, an SBX interface 
and CMOS construction. An on-board 
watch-dog timer lets the system re- 
cover if environmental situations 
force it off track, while a battery- 
backed real-time clock and four count- 
er/timers complete the device’s on- 
board functions. 


Computer Dynamics 
107 S Main St 
Greer, SC 29651 


| Circle number 153 
Booth #447 


VMEbus array processor 
delivers 32 MFlops 


A dual-height, dual-depth 6U VME- 
bus board, the Quickcard is an array 
processor that provides 32 MF lops. 
The board fits into any VMEbus 
backplane without overloading exist- 
ing power supplies, since it consumes 
only 25 W (5 A at +5 V dc) of power. 
Up to four processors can plug into 
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a system, permitting configurations 
with computation rates of up to 128 
MFlops and 32 Mips. The board is 
available with 128 or 512 kbytes of 
dual-ported static RAM to allow con- 
current I/O and processing. High- 
speed VMEbus peripherals transfer 
directly into the processor’s memory 


without host CPU intervention, per- 
mitting operation at full speed with- 
out waiting for data transfer. The 
Quickcard seamless programming 
environment offers both C and For- 
tran programmers a hand-coded sci- 
entific subroutine library. The board 
is priced at $9,500. 


er 
40 Linnell Cir 
Billerica, MA 01821 _ 
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PS/2 data-acquisition board 
provides 50-kHz throughput 


Two data-acquisition boards for the 
IBM Personal System/2 Models 50, 
60 and 80, the DT2901 and DT2905 
permit simultaneous analog input, 
analog output and digital I/O opera- 
tions. Designed for applications in 
temperature and pressure measure- 
ment, scientific research and process 
automation, the boards feature gap- 
free analog input and output data 
transfers, programmable gain, 12-bit 
analog resolution, and 16 lines of dig- 
ital I/O. Two custom ICs arbitrate 
data flow between simultaneous 50- 
kHz analog input/output operations, 
as well as provide an interface to the 
Micro Channel bus. Each board con- 
tains an error-detection circuit, as 
well as two direct memory access 
channels for defining two data buffers 
in system memory. The dual DMA 


channels and buffers permit instan- ©1988 Intel Corporation 
taneous chaining from one buffer to 


another, letting one buffer be filled 
by the board while data in the second 
buffer is being processed or stored. 


DRAM memory, same-page algo- 
rithms and a coherent cache design. 
The base system consists of a 6U 
VMEbus board with the Am29000 
25-MHz microprocessor, a 16-kbyte 


Data Translation 


100 Locke Dr data cache, two single serial I/O 
Marlboro, MAQ1752_—__ = ports, local board control, and the 
Circle number 155 || VMEbus interface and debug moni- 


Booth #540 tor in ROM. 


Ironics 
798 Cascadilla St 
Ithaca, NY 14850 


Circle number 156 r 
Booth #110 


SBC uses RISC chip 
for 17-Mips performance 


Based on the Am29000 reduced-in- 
struction-set computer microproces- 
sor from Advanced Micro Devices, 
the IV-9001 VMEbus single-board 
computer provides a sustained exe- 
cution rate of over 17 Mips from 16 
kbytes of cache and up to 16 Mbytes 
of dynamic RAM. The board utilizes 
a unique memory architecture that 
lets local buses achieve 200-Mbyte/s 
transfer rates through interleaved 


INTEL 
EMBEDDED CONTROLLERS 
GIVE INDUSTRY A HAND. 


Now you can give a robot arm the precision that comes with 4.3 
megawhetstones performance on a single chip. With a member 
of Intel’s 80960 family. Just call 800-548-4725 (Lit. Dept. 437). 


CIRCLE NO. 48 


COMPUTERDESIGN OCTOBER 1,1988 93 


@ BUSCON/88-EAST 


STD bus SBC 
speeds to 20 MHz 


An IBM PC AT-compatible single- 
board computer, the LPM-286AT uses 
an 80286 microprocessor and a new 
enhanced AT (NEAT) chip set to 
achieve speeds up to 20 MHz. The 
board features 512 kbytes of RAM, 
an 80287 coprocessor socket, two 
RS-232 serial ports, a Centronics par- 
allel port, a real-time clock, a key- 
board controller and a speaker. Fully 
buffered to the STD bus, the proces- 
sor can operate at either 10, 12, 16 or 
20 MHz, and requires a single +5-V 
supply. The NEAT chip set can work 
from different CPU speeds up to 20 
MHz, while still using lower cost, 
slower memories. 


Arlington, TX 76012 
Circle number 157 


Booth #317 


| Win Systems | 
| PO Box 121361 | 
| 
1 


VMEbus SBC 
expands to 1 Mbyte 


A VMEbus single-board computer 
based on a 32-bit 68030 microproces- 
sor, the GMSV17 features up to 1 
Mbyte of dual-ported, zero-wait-state 
static RAM. A memory-management 
unit boosts CPU clock speed to 25 
MHz, while the dual cache memory 
provides an instruction cache and a 


data cache with Harvard architec- 
ture. A 68882 floating-point coproces- 
sor further supports full 32-bit pro- 
cessing. Local memory can be pro- 
tected from unwanted writes, yet can 
still provide dual porting to the rest 
of the multiprocessor system. Up to 
512 kbytes of EPROM or 128 kbytes 


of EEPROM can reside on the board 
with an additional 1 Mbyte of dual- 
ported SRAM or 4 Mbytes of dynam- 
ic RAM. The board both originates 
and services interrupts on the VME- 
bus, while a location monitor/mail- 
box interrupt technique allows 
real-time multiprocessing. The dou- 
ble Eurocard device is available for 
extended temperature applications. 
| General Micro Systems 


4740 Brooks St 
Montclair, CA 91763 


| Circle number 158 
Booth #417 


SBC functions as real-time 
target or Unix platform 


Based on the Motorola 68020 micro- 
processor, the Liberator-SBC is a 
VMEbus single-board computer de- 
signed for use as a Unix platform or 
as a real-time target in one of the 
manufacturer’s Optimum Series sys- 
tems. The board houses a high- 
resolution graphics controller, two 
serial ports, an EPROM for storing 
real-time software, logic to provide 
direct memory access and a floating- 
point coprocessor. Direct connection 
to disk or tape is achieved via twin 
synchronous or asynchronous small 
computer system interfaces, while 
networking is accommodated on 
Ethernet. The architecture of the 
single-board computer combines the 
32-bit microprocessor with a closely 
coupled 16-Mips, reduced-instruc- 
tion-set-based peripheral processor. 
Operating at speeds of 16 or 20 MHz, 
the system can detect a peripheral in- 
terrupt, reschedule and carry out a 
task in approximately 100 ns. The 
processor, the VME interface and a 
DMA processor act as three bus 
masters that connect to the primary 
bus and can access each other, the 


main memory, the firmware EPROM 
or the video storage. 


Integrated Solutions 
1140 Ringwood Ct 
San Jose, CA 95131 


Circle number 159 — 
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Memory board expands 
STD DOS applications 


The ZT 8825 memory system ex- 
pands memory capabilities to the 
STD bus. For STD DOS applications 
with solid-state mass-storage re- 
quirements, the board provides a 
potential of 2 Mbytes of PROM or 
RAM disk in a single backplane slot. 
For STD DOS applications that re- 
quire a large amount of main mem- 
ory, the board functions as expanded 
memory. For STD bus OEM applica- 
tions without STD DOS, the board 
can be used as a standard 1-Mbyte 
memory board. The board uses the 
expanded memory specification 
developed by Lotus, Intel and 
Microsoft to expand the 640-kbyte 
conventional capacity of a PC in the 
DOS environment. 


Ziatech 
3433 Roberto Ct 
San Luis Obispo, CA 93401 


Circle number 160 
Booth #441 


VMEbus mother board 
hosts eight Transputers 


The IMS B014 module mother board 
isa VMEbus-compatible device with 
slots for eight size 1 Transputer mod- 
ules. The standard-depth, double- 
height card uses two link crossbar 
switches to change the Transputer 
link connections running between 
modules, letting any network be con- 
figured. In addition, 24 links are 
brought to edge connectors, with 
eight on the back P2 connector and 
the remaining 16 arranged on the 
front connector as two pairs of eight. 
The board has a slave interrupting 
interface to the VMEbus that pro- 
vides a single bidirectional link and 
a subsystem port. The interface ap- 
pears as a number of registers in the 
A16 address space on the bus, which 
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may be accessed by any VMEbus 
master. These registers are then used 
to program and interact with the 
board. The mother board conforms to 
VMEbus specification Rev C.1. 


Inmos 
PO Box 16000 


Circle number 161 — 


Mbytes/s. The device, which can in- 
terface to as many as eight different 
IPI-2 disk drives, incorporates a pro- 
prietary Buspacket Interface for high- 
speed control. Other features include 
a 256-kbyte data buffer that’s expand- 
able to 512 kbytes, a Unix-optimized 
caching algorithm and a VMEbus 
master with 8-, 16- or 32-bit transfers. 


Booth #341 


System enclosures house 
Multibus and VME systems 


The 509 Series of enclosures for Mul- 
tibus I, IT and VMEbus systems are 
built of aluminum and can be con- 
figured with a variety of power sup- 


plies from 160 to 700 W. The enclo- 
sures feature a removable fan/cool- 
ing plenum, easy access to the J2/P2 
sections of backplanes, light-emitting 
diodes to warn of power-supply trou- 
ble and interconnect I/O panels for 
system customization. 


Mupac 7 


Mupac Dr 
Brockton, MA 02401 


Circle number 162 
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IPI host interface adapter 
addresses VMEbus systems 


A host interface adapter for VMEbus- 
based systems and intelligent periph- 
eral interface (IPI) level 2 disk drives, 
the V/IPI 4260 Cougar is capable of 


data-transfer rates in excess of 36 


Interphase iba 
2925 Merrell Rd 
Dallas, TX 75229 


Circle number 163 
Booth #118 


VMEbus CPU hosts 
16-MHz 68020 


A single-board computer based on a 
16-MHz 68020 microprocessor, the 
MS-CPU220 is a universal server 


platform that provides the basic intel- 
ligence, memory and control needed 


INTE 


for a server architecture system. The 
VMEbus board features an interface 
chip with multiprocessing capabili- 
ties, two 32-pin ROM/EPROM sock- 
ets, 1 Mbyte of zero-wait-state dynam- 
ic RAM, an EEPROM for storing con- 
figuration information and an option- 
al MC68881 floating-point coproces- 
sor. Personality modules can be added 
to the board to provide peripheral 
functions such as network interfaces, 
disk controllers and serial ports. 
Interface with standard or thin 
Ethernet-connected systems is also 
possible. Software support includes 
Vxworks, a real-time Unix-compat- 
ible operating system featuring sock- 
ets and Transmission Control 
Protocol/Internet Protocol. 


Matrix 

1203 New Hope Rd 

Raleigh, NC 27610 
|_ Circle number 164 7a 


Booth #210 
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FLASH MEMORIES 
KNOW YOUR TYPE. 


Now, even when the power is off, your laser printer can remember 
type fonts. Cost-effectively. Only with an Intel Flash memory. 
Just call 800-548-4725 (Lit. Dept. 463). 


©1988 Intel Corporation 


intel 
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NETSCOPE 
the first 


CRT based 
network 


analyzer 
for $1800! 


Compact but powerful, Netscope 

gives you a new way to diagnose and 

correct network operating problems. 

O Portable RS-232 protocol 
analyzer 

O Monitor, emulate, loop test & 
library storage modes 

O 1024 character 5” CRT display 

O SDLC, HDLC, X .25, (level3) 
BISYNC and ASYNC 

O Monitor to 56 kbps, emulate to 
19.2 kbps 

O 12,200 character capture buffer 

O ASCII, EBCDIC, Hex and 
Binary character displays 

O Printer port available 

O Tenuser configurations stored in 
non-volatile memory 

O Uploaded or downloaded from 
IBM PC oranother Netscope via 
modems or direct unit to unit 


Contact us today for full details at 
Telebyte Technology, 270 E. Pulaski, 
Road, Greenlawn, NY 11740 

(516) 423- 3232 © (516) 385-8080 
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Memory I/O board features 
16 byte-wide sockets 


The VME-9100D multifunction mem- 
ory I/O board features 16 battery- 
backed byte-wide memory sockets 
that accept JEDEC standard RAM, 
ROM, EPROM or EEPROM devices 
in virtually any combination. The 
board is available with 0 to 512 
kbytes of static CMOS RAM or can ac- 
cept up to 1 Mbyte of ROM/EPROM/ 
EEPROM. Three parallel ICs pro- 
vide 60 TTL I/O lines with automatic 
handshaking and pattern detection, 
along with nine 16-bit counter 
timers. Single-unit pricing with no 
memory installed is $1,200. 


| Logical Design Group | 
6301 Chapel Hill Rd 
| Raleigh, NC 27607 


| Circle number 165 
Booth #252 


68030 VMEbus SBC 
targets real-time applications 


A single-height VME single-board 
computer, the MZ8130 incorporates 
a Motorola 68030 CPU along with 1 
Mbyte of dynamic RAM and 1 Mbyte 
of EPROM for real-time applications. 
The board features two RS-232 serial 
ports, an interrupt handler and mail- 
box interrupt support, as well as an 
optional time-of-day clock with bat- 
tery back-up. A master/slave inter- 
face to the VMEbus is included, 
while an optional MXbus expansion 
interface allows connection of stan- 
dard and custom expansion modules 
for enhanced memory, I/O and other 
functions. With 1 Mbyte of DRAM, 
the price is $2,495. 


| 1419 Dunn Dr 
| Carrollton, TX 75006 
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| Mizar | 
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Intelligent adapter connects 
VMEbus to SCSI 


The NCR ADP-33 is an intelligent 
VME host adapter that lets a VME- 
bus-based host processor access 
peripheral devices and communicate 
with other host processors on the 


Be PRODUCT DEBUTS 


small computer system interface 
(SCSD. The adapter boasts a guar- 
anteed SCSI transfer rate of 2.6 
Mbytes/s in asynchronous mode and 
4 Mbytes/s in synchronous mode. 
Compatible with industry-standard 
SCSI ANSI X3.131-1986, the imple- 
mentation parameters of the board 


include arbitration, reselection and 
parity. Data path is selectable for 
either 16 or 32 bits with I/O manage- 
ment for up to 64 concurrent SCSI 
operations. The device supports the 
SCSI initiator mode for host-to-target 
communications, as well as target 
mode for host-to-host transfers. 


| NCR 
3718 N Rock Rd 
Wichita, KS 67226 
| Circle number 167 
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1/O subsystem family 
connects 128 analog devices 


An expandable I/O subsystem family 
lets up to 128 analog inputs and out- 
puts be attached to any STD bus sys- 
tem through a single STD bus card. 
The family includes the SB8280 sin 

gle-slot STD bus card and a series of 
interface racks that are chassis- or 
panel-mounted adjacent to the STD 
bus card rack, then connected to the 
card through a 34-pin ribbon cable 
daisy chain. All interface racks pro- 
vide terminal strips for connection to 
sensors and controls in industrial 
measurement systems. The APB16 
analog I/O rack provides 16 sockets 


VMEbus 80386 processor 
runs PC AT software 


and performance measurements in 
Motorola 68020-based, 32-bit sys- 
tems. The device features a disassem- 
bler for 68020 program code, a cache 


for installation of various signal con- 
ditioning modules, each providing 
1,500-V isolation and direct connec- 
tion to field sensors and controls, 
while the AIN16 analog input rack 
hosts 16 single-ended or eight differ- 
ential nonisolated analog inputs. Any | 
combination of up to eight of these | 
racks can be attached to the STD bus. 
Single-quantity pricing starts at 
$375 for the SB8280, $250 for the 
APB16 and $335 for the AIN16. 


A two-card PC AT processor module 
for the VMEbus, the XVME-683 com- 
bines the processing power and rug- 
ged mechanical packing of the VME- 
bus with the application software 
available for the PC AT. The module 
hosts a 16-, 20- or 25-MHz 80386 
processor, a cache controller and 32 
kbytes of zero-wait-state memory. 
Additional features include 1 or 4 
Mbytes of dual-ported RAM, ROM- 
resident BIOS, a battery-backed 
clock, two serial and one parallel 
port, and a keyboard interface. The 
module will accept either the 80387 
or the Weitek math coprocessor. 


VS NS 


Micro/Sys .§ 
1011 Grand Central Ave 
Glendale, CA 91201 


| Circle number 168 
Booth #421 


hit-rate indicator, 2 kwords of pro- 
gram trace or processor bus trace and 
a time tag. 


Software package allows yeiso haere os 
porta ili ilerest aple 
VME code bility Houston, TX 77042, Saline, MI 48176 a a 
Circlenumber 170 __ | | | Circle number 171 


The VMEexec is a collection of sup- 
port packages integrated to provide 
real-time performance within a Unix 
System V environment. The base 
package consists of download and 
start utilities, C bindings, make files, 
an assembler, a linker and a debug 
extension. These software interfaces 
let VMEbus developers design an ap- 
plication code that’s directly portable 
between projects, regardless of the 
real-time kernel, and to combine soft- 
ware products from various vendors 
that conform to the standard inter- 
faces. The executive of the package is 
based on the real-time executive in- 
terface definition, which defines a 
core set of operating system kernel 
services. Source code that conforms 
to these interfaces will execute as de- 
fined in all real-time executive envi- 
ronments, facilitating the develop- 
ment of application source code that’s 
directly portable across all real-time 
executive implementations. 


Booth #414 Booth #324 


INTEL 
EMBEDDED CONTROLLERS 
DRAW FLIES. 


Now your graphics engine can transform 80,000 vectors per 
second with a single chip. If it’s designed with a member 
of Intel’s 80960 family. Just call 800-548-4725 (Lit. Dept. 437). 


| Motorola Microcomputer Div 
2900 S Diablo Way 
Tempe, AZ 85282 


| Circle number 169 
Booth #406 


Personal Micro Analyzer 
targets 68020 systems 


The Personal Micro Analyzer is a 
stand-alone development tool intend- ©1988 Intel Corporation 
ed primarily for testing, debugging 
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Synchronous controller 
transfers 12 Mbytes/s 


Based on the 68020 microprocessor, 
the PT-VME330 is a 16-port high- 
speed synchronous communication 
controller for the VMEbus. The board 


y" think small. And simple. And 
cost-effective. Single-high VME- 
bus computer modules offer no-non- 
sense solutions to your industrial 
control requirements while mounting 
in either single-high or double-high 
VME chassis. 

VME Specialists brings the indus- 
try a broad single-high VMEbus prod- 
uct line. Select from among four 
single-high single board computers, 
hosting Motorola 68000/68010/ and 
68020 processors. Breadth to support 
your diverse requirements, from our 
very low cost SBC1, to our 68020 
based SBC3 with location monitor, 
OEM expansion connector, floating- 
point co-processor, real-time clock, 
ROR requestor, dual-port RAM and 
twin serial ports. And the same soft- 
ware can run on all members of 
the family. 


CIRCLE NO. 51 


uses a split-bus architecture built 
around a 1-Mbyte dual-ported dy- 
namic RAM data buffer. Up to eight 
dual-channel Z8530 serial communi- 
cations controllers are coupled to the 
DRAM buffer by a proprietary 32- 
channel direct memory access con- 


Look to VME Specialists for pro- 
cessor support functions, develop- 
ment assistance, and operating 
software. 

DRAM Memory modules of 
1 through 16 Mbytes 

SCSI Our VME620 with DMA and 
512 Kbytes of dual port cache 

Serial 1/0 The VME490 multipro- 
tocol serial I/O co-processor 

Video VME360 High-resolution 
color graphics with palette 

Development made easy Consider 
our VME1100 development system 

Not to mention software Like OS9"™ 
and REGULUS™ real-time OS 

We're VME Specialists. The solu- 
tion was never easier. 


558 Brewster Ave. 
\E N/A = Redwood City, CA 94063 
spec alists 415 364-3328 


troller configured to support one 
channel for transmit and one for re- 
ceive, providing up to 16 full duplex 
serial communications ports. The 
DMA controller offers an aggregate 
bandwidth of 4 Mbytes/s, which lets 
16 ports operate concurrently at 56 
kbits/s, or one port operate at 1.5 
Mbits/s. The 68020 microprocessor 
supervises all communication proto- 
col on the board and moves data to 
and from the VMEbus at over 12 
Mbytes/s. A variety of communica- 
tions interface options are supported, 
including RS-232C, MIL-STD-188C, 
RS-422 and RS-485. 


Performance Technologies 
435 W Commercial St 
Rochester, NY 14445 - 


| Circle number 172 
Booth #256 


RISC VMEbus SBC 
offers 6 MFlops at 20 MHz 


Designed around the Motorola 88000 
reduced-instruction-set computer mi- 
croprocessor, the TP880V is a VME- 
bus single-board computer that boasts 
17-Mips, 6-MFlops performance at 20 
MHz. The CPU is interfaced to dual 
88200 cache memory-management 
devices for the instruction and data 
buses, each providing 16 kbytes of 
zero-wait-state memory. Standard 
memory size of 4 Mbytes can expand 
to 16 Mbytes, is parity protected, and 
is accessible from the 88000, the 
VMEbus interface and the I/O sub- 
system. An I/O processor/direct mem- 
ory access controller combination 
offloads I/O overhead from the main 
RISC CPU and provides diagnostic 
capabilities as well as a program- 
ming interface. The 53C90 enhanced 
small computer system interface pro- 
vides asynchronous or synchronous 
data transfers occurring into main 
dynamic RAM in 32-bit hardware- 
controlled operations. Two RS-232 
ports, a battery-backed real-time 
clock, 128- kbyte to 1-Mbyte EPROM 
and 64 kbytes of static RAM com- 
plete the on-board I/O facilities. 


| Tadpole Technology * 
1601 Trapelo Rd 


| Waltham, MA 02154 


| Circle number 173 


Booth #426 


if 
= Fax 415 369-5982 


*OS9 is registered trademark of “REGULUS is a registered trademark 
Microwave Systems Cot poration.” of Aleyon Corporation.” 


SCSI/VMEbus interface 
built to military specs 


An intelligent VMEbus/small com- 
puter system interface (SCSD board 
for military or ruggedized environ- 
ments, the PMV 68 SCSI-1 uses a 
68000 processor for high-speed data 
transfers. All local resources are 


managed by the microprocessor, in- 
cluding direct memory access and 
SCSI control, operating under the 
direction of 16 kbytes of EPROM resi- 
dent firmware. The board also pro- 
vides 16 kbytes of static RAM that’s 
dual ported to the VME and local sys- 
tem bus. Configurable as a target or 
initiator, the device provides sus- 
tained asynchronous SCSI transfer 
rates of up to 1.5 Mbytes/s, with 
DMA transfers of up to 32 bits over 
the VMEbus. The board can be con- 
nected either to another SCSI con- 
troller to which multiple mass-mem- 
ory peripherals are connected, or 
directly to a mass-storage device. 


Radstone Technology 


One Blue Hill Plaza 
Pear] River, NY 10965 


| Circle number 174 
Booth #218 


Multibus | processor board 
expands to 8 Mbytes 


A Multibus I processor board based 
on the 68020 microprocessor, the 
MPU-28 combines 32-bit operation at 
20 MHz with up to 8 Mbytes of on- 
board dual-ported RAM for real-time 
applications in data acquisition, im- 
age processing and robotics. When 
configured for 1, 2, or 4 Mbytes of 
dual-ported RAM, the board occupies 
a single Multibus slot, while the 
8-Mbyte configuration occupies two 
slots. An optional memory-manage- 
ment unit (MMU) is available, as 


well as a 68881 or 68882 floating- 
point math coprocessor. With the 
MMU, the CPU can be operated at 20 
MHz with one wait state. Other fea- 
tures include parity protection of on- 
board dynamic RAM, one 8- or 16-bit 
iSBX connector and two multiproto- 
col full-duplex serial ports capable of 
synchronous operation at up to 64 
kbytes/s. A mailbox lets other Multi- 
bus masters reset, interrupt and, via 
a status register, monitor the CPU. 

SBE 

2400 Bisso Ln 

Concord, CA 94520 

Circle number 175 
Booth #229 


Real-time software 
supports SPARC 


The Vxworks real-time operating 
system is available for all implemen- 


tations of Sun Microsystems’ SPARC 
technology. The SPARC port will 
provide all of the real-time features 
of Vxworks, including a fast mul- 
titasking kernel with pre-emptive 
scheduling, fast interrupt response, 
intertask communications and syn- 
chronization facilities, and Unix- 
compatible memory management. 
Multiprocessor facilities and a user 
interface shell are also featured, as 
well as an I/O and a file system. A 
complete implementation of the 4.3 
BSD version of the Unix O/S network 
package, including Transmission 
Control Protocol/Internet Protocol as 
well as Sun’s Network File System 
and Remote Procedure Calls, will 
also be supported. 


Wind River Systems 
1316 Sixty-Seventh St 
Emeryville, CA 94608 


Circle number 176 
Booth #321 


INTEL 
FLASH MEMORIES 
HELP YOU SEE THE LIGHT 


Now it’s easy to reprogram a traffic control system. 
Cost-effectively. Only with an Intel Flash memory. 


©1988 Intel Corporation 


Just call 800-548-4725 (Lit. Dept. 463). 
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Linear power 
supplies survive 
in low-power 
applications 


John H. Mayer, Senior Associate Editor 


the past decade switch-mode 

power supplies have virtually 
usurped the role of linear power sup- 
plies. By operating at continually 
higher frequencies and taking full 
advantage of evolutionary improve- 
ments in ICs and printed circuit 
board design, switchers are now 
offering highly efficient, yet light- 
weight, power sources in smaller, 
cooler running packages. Not sur- 
prisingly, these developments have 
led many designers to consider linear 
supplies outdated in electronic sys- 
tem design. “It’s our feeling that lin- 
ear supplies for new designs are 
pretty much a dead animal,” ob- 
serves Fred Heath, president of the 
Power Systems Division of Valor 
Electronics (San Diego, CA). 

But judging by the actions of some 
vendors, linear power supplies aren’t 
yet extinct. A number of vendors, led 
by Power-One (Camarillo, CA), are 
offering broad product lines of linears 
in a wide range of configurations, 
while other companies are continu- 
ing to add to their existing product 
lines. Late last year, for example, 
Deltron (North Wales, PA) added 10 
new models to its World Series line 
in single-, dual- and triple-output 
configurations. And the company in- 
troduced 30 single-output industrial 
linears with output voltages from 5 
to 28 V. The Q series also supplies to- 
tal output power from 15 to 260 W. 

Another manufacturer, Sola (Elk 
Grove Village, IL), unveiled this 


F ew would disagree that over 


MAJOR SYSTEM COMPONENTS 


summer a 25-model series with out- 
puts ranging from 15 to 90 W in 
single-, dual- and triple-output con- 
figurations. Dubbed the Silver line, 
the open-frame units are UL (Under- 
writers Laboratories) recognized and 
CSA (Canadian Standards Associa- 
tion) certified. 

The size, efficiency and weight dis- 
advantages of linear power supplies 
vis-a-vis switchers are most acute at 
higher power levels. The dissipative 
regulating element in a typical lin- 
ear supply offers about 50 percent ef- 
ficiency, compared to the 75 percent 
efficiency of many switchers. In addi- 
tion, the linear supply demands a 
heavy 50- to 60-Hz transformer, 
while a switcher rectifying the ac 
directly from the power line and oper- 
ating at high frequencies can retain 
its small size and weight. With these 
liabilities, few manufacturers are 
building linears at over 300 W. 

But linears still have a role to play, 
particularly in low-power applica- 
tions (under 50 W). At that level their 
drawbacks are less acute—their line 
frequency transformers are still rela- 
tively small and their dissipated 
power isn’t as significant—and they 
still cost less than switchers. 


B Low-noise applications 

For excellent line and load regula- 
tion, a linear power supply is still the 
answer: regulation on a linear is 
often an order of magnitude better 
than comparable switchers. Lower 
noise is also an asset. Many linears 


Although they 
don’t offer the 
efficiency of 
switchers, indus- 
trial linear power 
supplies like 
Lambda’s LN Series 
offer output ripple 
and noise as low as 
5 mV peak-to-peak. 
Available in five 
single-ouput and 
five dual-output 
packages up to 48 
V dc, this series 
meets MIL-STD-810 
environmental 
conditions. 


generate less than 1 mV peak-to-peak 
(p-p) of noise, compared to 10 mV p-p 
for a high-performance switcher. 

Given these advantages, it’s not 
surprising that linear supplies are 
still used in applications requiring 
well-regulated voltages with extraor- 
dinarily low ripple. Some of these ap- 
plications include precision lab- 
oratory equipment demanding very 
stable outputs or sensitive data- 
acquisition circuits using sensors, 
amplifiers, sample and holds, or 
analog-to-digital converters to con- 
vert de voltages to digital form. 
Linears are also found in highly 
regulated automatic test equipment 
systems, as well as in some low- 
voltage signal-processing circuits, 
where unwanted noise can play a de- 
structive role. “Analog circuitry 
can’t tolerate the higher noise of the 
switching power supply,” says John 
Haines, technical support specialist 
for Power-One. 

In low-power medical equipment, 
for example, supplies such as those 
from Power-One, built with split- 
bobbin transformers that separate 
and isolate the primary and secon- 
dary coils, minimize leakage to 
power lines. In systems that monitor 
patients and need to keep leakage 
current under 10 »A, these design 
characteristics are mandatory. Some 
power-supply manufacturers add a 
Faraday shield between the wind- 
ings in the transformer to reduce 
capacitive coupling between the pri- 
mary and secondary windings. 
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MT series 2V to GOV @ 3A to 0.1A 
SM, SD series 2V to GOV @ 3A to 0.1A 
MM, MD series 5V to 24V @ 0.1 to 0.03A 2x2x0.9 $31.90 to $152 
CM,CD series 2V to GOV @ 3A to 0.1A 2.5x3.5x0.9 $38 to $91 
ALT, LT series 2V to 40V @ 4A to 0.3A 3.5x5x0.9 and up $62 to $145 
LM, LD series 2V to 40V @ 3to0.1A 2.5x3.5x0.9 and up $62 to $145 


Circle 100 


fold-back and current 
limit 


adjustable in 1 V 
increments 


low priced minis 
same as above 
miniature bench type 
miniature bench type 


ACDC Electronics 401 Jones Rd, Oceanside, CA 92054 (619) 439-4200 Circle 101 


ECV family 
OEM family 


15to 115 
15 to 260 


5V to 24V 
5V to 28V 


$32.95 and up 
$158 and up 


varied 
varied 


Acme Electric 20 Water St, Cuba,NY 14727 (716) 968-2400 


4x4.8x2.3 

4x4.8x2.5 
4.9x5.7x3.3 
3.4x4.3x6.8 


$37.44 
$41.60 
$75.95 
$130.00 


SPS 15 
SPS 30 
SPS 40 
SMP50-2 


5V to 28V @ 1.5A to 0.4A 

3V to 250V @ 3A to 0.05A 
5V to 28V @ 5A to 1.6A 
5V to 12V @ 3A to 0.4A 


SMP60-1/2 5V to 12V @ 5A to 0.4A 3.4x4.3x6.8 $147.68 


$90.48 
$124.80 
$94.64 
$36.33 


3.4x4.8x3.9 
4.9x7.5x4 
4.8x5.5x2.9 
4x4.9x2 


SPS 30TA 
SPS 50TA 
SPS 40T 
SPW-1 


5V to 15V @ 2A to 0.25A 
5V to 15V @ 3A to 0.7A 
5V to 15V @ 2.5A to 0.75A 
5V to 28V @ 3A to 1A 


4.9x5.6x3 
4x6.5x2 
4x6.5x2 
10.3x4x3 


$55.07 
$47.35 
$60.58 
$83.73 


SPW-2 

SPW 15D -0.8 
SPW 16WT 
SPW 40WT 


5V to 28V @ 6A to 2A 
12V to 15V @ 1A to 0.8A 
5V to 15V @ 2A to 0.4A 
5V to 15V @ 3A to 0.8A 


1V to 75V @ 30 mA 
to 2.5A 


1V to 75V @ 0 to 2.5A 


1.5V to 150V @ 
32A to 0.2A 


3V to 200V @ 
4A to0.1A 


1V to 150V @0to3.5A | 0.25to 1 


E series 2.3x1.8x1 and up 


3.5x2.5x0.2 — 


6.6x5.1x3.4 $95 to $555 
and up 


3.7x1.6 


EB series 
Aseries 


Bseries $95 and up 


6.6x3.8 
and up 


6,6x5.1x3.4 
and up 


NT/TN series $125 to $195 


MX/HX series Oto 150V @ 0to 16A $155 to $475 


open frame 
open frame, cover opt 


Circle 102 


open frame, UL, CSA 
same as above 
same as above 


open frame, UL, CSA; 
for uPs 


open frame, UL, CSA; 
for Ps 


open frame, UL, CSA 
same as above 
same as above 


open frame, worldwide 
design 


same as above 
same as above 
same as above 
same as above 


Circle 103 


miniature regulated, 
short-circuit protected 


terminal strip connectors 


regulation of +0.005%. 
OVP opt 


general purpose, 
+0.1% reg., OVP opt 


narrow profile 


adjustable current 
limiting 


KEY: CSA = Canadian Standards Association; IEC = International Electro-technical Commission; OVP =over volt protection; UL = Underwriters Laboratories; 
VDE = Verband Deutscher Electrotechniker 
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Circle 104 


1.5.2000 5V @ 0 to 2000mA 3.5x2.5x1.5 


3.5x2.5x1.5 
3.5x2.5x1.5 


2.12.360 
3.15.1000 


+12V @ 0 to 360 mA 


5V @ 0 to 1000 mA; 
+15V @ 0 to +100 mA 


Computer Products 2900 Gateway Dr, Pompano Beach,FL 33069 (305) 974-5500 


encapsulated, short 
circuit, OVP 


same as above 
same as above 


Circle 105 


PM 300series |2.5to15 5V to 24V @ 2.7x4x1.5 
2A to 100 mA 
PM 500 series 5V to 24V @ 1.8x2.3x1; 


2A to 25mA 2.5x3.5x0.9 


World Stdseries | 15 to 125 5V to 28V @ 


9A to 0.8A 2.8x7x4.9 


Deltron Box 1369, Wissahickon Ave, N Wales,PA 19454 (215) 699-9261 


1.6x4.9x4; 2.5x5.6x4.9; 


encapsulated, 
chassis mountable, 
split-bobbin wound 


encapsulated, 
PC mountable, 
split-bobbin wound 


open frame, world wide 
input 


Circle 106 


World series 5V to 48V 5 — 4x5x2 to 4x5x15 $31 to $153 | open frame, VDE, UL, 
IEC, CSA 

Elpac Electronics 3131 S Standard Ave, Santa Ana, CA 92705 (714) 979-4440 Circle 107 

SOLV 15 15 5V to 24V @ 3A to 0.75A _ 50 4.9x2.1x4 $30 | output +5% adjustable, 
OVP std 

SOLV 30 30 to 48 5V to 48V @ GA to 1A _— 50 5.6x3x4.9 $50 | output +5% adjustable, 
OVP opt 

SOLV 45 45 to 72 5V to 24V @ 9A to 3A _ 50 7x2.9x4.9 $80 | same as above 

UPS 14 12 12V @0.5A 0.1 50 3.3x2.3x4.4 $50 | +5% V adjustable, OVP 
opt 

UPS 30 30 5V to +15V @ 3A to 1.2A 0.1 50 7x3x4.9 $65 | same as above 

UPS 45 45 5V to +15V @3A to 1.2A 0.1 50 10.5x3.2x4.9 $90 | same as above 

Kepco 131-38 Sanford Ave, Flushing, NY 11352 (718) 461-7000 Circle 108 

OPS 500B 1 0 to 500V @ 0 to 0.04A - 500 12.9x8.3x5.2 $881 | programmable voltage 
amplifier 

PAT 7-2 1 Oto 7V @O0to 2A 0.5 50 3.3x6.4x4.9 $301 | programmable voltage 
stabilizer module 

PAT 15-1.5 1 Oto 15V @0to 1.5A 0.5 50 3.3x6.4x4.9 $301 | same as above 

PAT 21-1 1 O0to21V@O0to1A —_ 50 3.3x6.4x4.9 $301 | same as above 

PAT 40-0.5 1 0 to 40V @0to 0.5A 0.5 50 3.3x6.4x4.9 $301 | same as above 

PAT 72-0.3 1 0 to 72V @0 10 0.3A 0.5 50 3.3x6.4x4.9 $301 | same as above 

PAT100-0.2 1 10 to 100V @ 010 0.2A 0.5 50 3.3x6.4x4.9 $301 | same as above 

PCX7-2 MAT 1 Oto 7V @0to 2A 3 50 14.9x2.8x5.2 $486 | programmable voltage 
Stabilizers 

PCX21-1 MAT 1 Oto 21V@O0toiA —_ 14.9x2.8x5.2 $486 | same as above 
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Lambda Electronics 515 Broad Hollow Rd, Melville, NY 11747 (516) 694-4200 Circle 109 


LX series 20 to 225 5V to 28V @ 4A to 1A, 6.5x3.8x3.2 to $389 to $1,723 | ruggedized, enclosed 
45A to 17A 16.5x7.5x4.9 


LD series 15 to 125 5V to 28V @ 3A to 0.8A, 4x1.6x4.9 $74 to $296 | open frame, 110/220 
25A to 9.3A 


LZ series 2.25 to 4.5 5V to 28V @ 0.45A to 2.5x3.5x0.9 $75 to $186 | PC board mountable, 
0.08A, 0.9A to 0.3A plastic cover 


LN series 15 to 110 5V to 28V @ 3A to 0.8A, 4x1.8x4.9 to $118 to $326 | enclosed, ruggedized, 
22A to 8A 11x4.9x4.4 Mil-Std 


LD series 27 to 110 5V to 150V @ 5.4A to 5.6x4.9x2.6 to $247 to $466 | enclosed, ruggedized, 
0.4A, 22A to 1.1A 11x4.9x4.4 Mil-std 


LC series 13.5 to 80 5V to 150V @ 6.5x3.8x3.2 to $378 to $812 | enclosed, ruggedized, 
2.7A to 0.12A 9.4x4.9x4.9 Mil-Std 


Maxim Integrated Products 120 San Gabriel Dr, Sunnyvale CA 94086 (408) 737-7600 Circle 110 


0.2x0.24x0.06 $2.45 


Max666 1.3V to 16V @ micropower, 


0 to 40 mA 5uV quiesent current 
Max667 1.3V to 16V @ 0.2x0.24x0.06 $3.50 | 250 mA output 
0 to 250 mA 


0.2x0.24x0.06 


Max663 1.3V to 16V @ $2.15 


0 to 40 mA 


micropower, 
5 A quiesent current 


Max664 -1.3V to-16V @ 0.2x0.24x0.06 $2.63 | micropower, 
0to40mA 6 pA quiescent current 
Max600 series 1.3V to +10V @ 0.2x0.24x0.06 $0.95 to $2.75 | AC to DC regulator 


0 to 50 mA 


Circle 111 


HB5-310VP-A 5V @3A 4.9x4x2.1 $31.96 | open frame, auto 


foldback/current limit 


HC123.4-A 12V @3.4A 5.6x4.9x2.9 $48.45 | remote sense 
HC15-3-A 15V @ 3A 5.6x4.9x2.9 $48.95 | same as above 
HB2-3-A 2V@3A 4.9x4x2.1 $33.90 | open frame, auto 
foldback, current limit 
HE2-18-A 2V @ 18A 14x4.9x3.4 $116.35 | same as above 
HB250-0,1-A -250V @ 0.1A 4.9x4x2.1 $38.75 | open frame, auto 


foldback, current limit 


4.9x4x2.1 $27.11 | open frame, OVP, auto 


foldback, current limit 


HA5-1.5/OVP-A 5V @1.5A 


5.6x4.9x2.9 


$53.30 | same as above, remote 


sense 


HC5-6/OVP-A 5V @ 6A 


HB120-0.2-A 120V @0.2A 4.9x4x2.1 $38.75 | open frame, auto 
foldback, current limit 
HTAA-16W-A 5V to -15V @ 2A to 0.4A 6.5x4x2.1 $53.30 | open frame, auto 
foldback, current limit 
HB24-1.2-A 24V @ 1.2A 4.9x4x2.1 $31.96 | open frame, auto 
foldback, current limit 
HC48-1-A 48V@I1A 5.6x4.9x2.9 $53.30 | open frame, auto 


foldback, current limit 
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15 to 45 4x4.9x1.6 to 


7x4.9x2.8 


+12V to +15V @ 1Ato 6.5x4x1.6 to 
1.5A 7x4.9x2.5 


5V to +12V @ 3A to 0.4A 6.5x4x1.6 to 
10.3x4x2.5 


PLS series 5V to 28V @ 1A to 9A 


PLD series 24 to 45 


PLT series 20 to 40 


Powertec 20550 Nordhoff St, Chatsworth,CA 91311 (818) 882-0004 


2CC5-9B 45 5V to 6V @ 9A to 7.5A 
2K15D-1.3B 36 12V to 15V @ 1.5A to 1.3A 
2P30-TB 30 5V to 6V @3 to 2.5A 


RTE Power/Mate 2727 Kurtz St, San Diego, CA 92110 (800) 843-8544 


IMA Case B 28 5V to 24V @ 3A to 1.2A 3 50 4.8x4x1.6 
IMA Case C 50 5V to 24V @ GA to 2.4A 3 50 5.6x4.8x2.5 
ITA Case C 44 12V @ 1.8A 3 50 7x4.8x2.5 


Sola 1717 Busse Rd, Elk Grove Village, IL 60007 (312) 439-2800 


Silver line 15 to 90 1,2,3 5V to 28V 


Sorensen Company 5555 N Elston Ave, Chicago,IL 60630 (312) 775-0843 


QSA Case | 26 0 to 10V to 35 to 60V 3.3x3.9x6.3 
@ 0.4410 1.5A 
QSA Case II 50 0 to 10V to 35 to 60V 3.3x5.1x6.3 
@ 0.5A to 4A 

PTM Case | 20 to 39 4.5V to 29V @ 1.4to 4A 3.3x3.9x6.5 

PTM Case II 35 to 56 4.5V to 29V @ 2A to 7A 3.3x5.1x9.5 

PTM (dual) | 25 +12V to +15V @ 0.8A to 3.3x3.9x6.5 

3A 

KMS Case J 1.25 5V to 28V @ 40 mA to 1.8x1.8x1 
250 mA 

NMS Case B 10 5V to 28V @ 250 mA to 2.5x3.2x0.9 
2000 mA 

NMD Case B 3 +15V @ 30 mA to 100 mA 2.5x3.2x0.9 

Tamura 1150 Dominguez St, Carson, CA 90746 (213) 638-1790 


OLS-XB series 
OLS-XC series 


15 to 28.8 1 
30 to 45 1 


5V to 24V @ 3A to 1.2A 
5V to 15V @ BA to 3A 


4.9x4x2.1 


5.6x4.9x2.9 
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$24 to $67 


$39 to $49 


$45 to $69 


$32 


$50 to $52 


$53 


Circle 112 


OVP std on 5V output 
open frame 


OVP std on 5V output, 
open frame 


Circle 113 


open frame, optional 
OvP 


same as above 
same as above 


Circle 114 


split bobbin on trans- 
former 


split bobbin on trans- 
former 


split bobbin on trans- 
former 


Circle 115 


25 models, OVP std on 
5V, 0.05 percent line, 
load reg. 


Circle 116 


enclosed, remote 
programming & control 


enclosed, remote 
programming & control 


enclosed, OVP, remote 
sense & control 


same as above 
same as above 


encapsulated, PC mount 
encapsulated PC mount 


encapsulated, PC mount 


Circle 117 


$29.50 


$45 to $49.50 


open frame 
open frame 
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Tamura 1150 Dominguez St, Carson, CA 90746 (213) 638-1790 Circle 117 
OLS-5NV 1 5V @9A 7x4.8x3.2 $67.50 | open frame 
OLD-5AAV 2 +5V to-5V @ 1.5A 6.5x4x2.1 $45 | open frame 
OLD-5BBV 2 +5V to-5V @ 3A 7x4.9x3.0 $58.50 | open frame 
OLD-12/15AA 2 +12V to t+15V @ 1Ato 6.5x4x2.1 $38.50 | open frame 

0.8A 

OLD-12B/15B 9.6 to 12 2 +12V to+15V @0.4A 4.9x4x2.1 $33.50 | open frame 
OLD-24AA 28.8 2 +24V to -24V @ 0.6A 6.5x4x2.1 $38.50 | open frame 
OLD-512AA 17.5 2 +5V to +12V @ 2A to 0.5A 6.5x4x2.1 $45 | open frame 

OLT-522 AA 22 3 +5V to +12V @ 2A to 0.4A 6.5x4x2.1 $49.50 | open frame 

Valor Electronics 6275 Nancy Ridge Dr, San Diego, CA 92121 (619) 458-1471 Circle 118 
Series | Micro-reg 15 5V to 24V @ 2.2A to 0.5A 3 30 | 1.8x2.8x1.1 to 3.2x4x1.7 | $31 to$55 | open frame 

OEM Ill 45 5V to 24V @ 9A to 2.1A 3 30 | 4x6.5x1.6 to 4x7.9x2.5 $44 to $83 | open frame w/OVP all 

Outputs 
floppy disk 29 5V to 12V @ 3A to 1.8A 3 30 4x5x1.6 to 4x6.5x1.6 $62 to $72 | open frame 
uP supplies 29 E 5V to 15V @ 3A to 0.5A 3 30 4x6.5x1.6 $61 to $69 | open frame 


ard 


hi 1 -performance, 
HK68/V2E card. 


for sophisticated real-time 
applications. s ttandard equipment: 


\" 
= Up to 25 MHz Motorola 68020 CPU = 4 or 
16 MB of on-board DRAM with parity = Up to 
2 MB of EPROM «# VSB compatible high 
speed memory expansion bus « 4 serial 
1/O ports = Single 8-bit parallelsport. 


Optional racy features include’ On-board 
6888 1/68882 FPP and SCSPintertace: 


HEURIKON 


Take Heurikon's HK68/V2E for a trial run today. 
Call toll-free: 800-356-9602 (ext. 502). 
Telefax: 608-251-1076 


3201 Latham Drive = Madison, WI 53713 
CIRCLE NO. 53 


ye 
XVME-683 VMEbus PC/AT 


Processor Module 
e Fully IBM PC/AT Compatible 
e 20 or 25 MHz 80386 Processor 
¢ 32 Kbytes of cache memory 
© 1 or 4 Mbytes of dual- 
ported RAM 
e 32 bit VMEbus Interface 


‘ 


Digital I/O Modules Analog I/O Modules Prototyping Modules 


OUR FAMILY HAS GROWN! 


And now provides you with complete 
VMEbus solutions. 


Several years ago, we started small in For a lot more information on our grow- 
industrial VMEbus I/O modules. Our ing family of VMEbus modules, write or call 
sales grew. And our customers asked us today. 

for more. 


So our product line grew, too. Today 


® 
you can select from our complete family 

of VMEbus boards. In single-high or 

double-high. Including complete devel- : 

opment systems. Backed by the best re ee ee 


750 North Maple Rd., Saline, MI 48176 

support and warranty in the business. xyCom) (313) 429-4971 TWX 810-223-8153 
VME Products Software Support 
Processor Products ESDI Controller 3U and 6U Develop- OS-9* 
Memory Products BITBUS Controller ment Systems PDOS* 
Digital I/O PAMUX Controller VME Terminal PSOS* 
Analog I/O 1553 Interface Products UNIX YV/68K* 
SCSI Controller Module Servo Controller SUN Workstations* 
Winchester/Floppy Thermocouple Input Module VERSAdos* 

Controller Module MTOS* 


* Trademarks are acknowledged to: Microware Systems Corp. (OS-9); Eyring Research Institute, Inc. (PDOS); Motorola, Inc. (VERSAdos); V/68K 
Motorola, Inc. (UNIX); Software Components Corp. (PSOS); SUN Microsystems, Inc. (SUN Workstations); Industrial Programming, Inc. (MTOS). 
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@ PRODUCT FOCUS 


Bf international market beckons 

| Like many arenas, the linear power 
| supply market has grown increas 
ingly international over the past 
decade. Most linear supply manufac 
turers are attempting to meet that 
demand with product lines capable of 
accommodating electronic 
and instruments used around the 
world. To dothat, manufacturers try 
to design products that will meet the 
most stringent requirements postu- 


“MAJOR > ia TEM e ibilieg« se 


duced its International Series, the 


| first linear supplies to meet virtual- 
| ly all international standards. Each 


unit meets the safety requirements 
of UL, CSA, IEC, VDE, BPO (British 


| Post Office), ECMA (European Com- 


systems | 


puter Manufacturers Association) 


“Analog circuitry 
can't tolerate the higher 


Since then, most major vendors 
have offered competitive product 
lines. The World Standard Series 
from Computer Products (Pompano 
Beach, FL), for example, offers input 
ac line voltages of 100, 115, 220, 230 
and 240 V at 50 and 60 Hz. The sup- 
plies are UL-recognized and CSA- 
certified, and meet VDE and IEC 
safety standards. The power trans- 
former is of VDE construction, with 
an enclosed split-bobbin and 3,750-V 


noise of the switching 
power supply.”’ 


John H 


ac minimum isolation. The company 
also builds customized versions of the 
series with output voltages between 
2 and 32 V dc and output power lev- 
els from 15 to 150 W. 

In a similar vein, Deltron’s World 
Series line covers outputs from 15 to 
240 W at 5 to 48 V. The single-, dual- 
and triple-output units boast an out- 
put ripple of only 5 mV p-p. Like its 
competitors, Deltron’s linears meet 
virtually all safety specifications. LJ 


lated by each of various regulatory 
| agencies or organizations. For the 
most part, that implies meeting VDE 
(Verband Deutscher Electrotechnik 
er) standards. “‘All the UL and the | 
CSA worry about is whether there’s 
| a certain isolation voltage,” says 
Heath. “VDE specifies the transform 
er construction technique and the dis 
tances between the layers of the wind 
ings of the primary and secondary.” 

Six years ago, Power-One intro 
pete e . : S 


laines, Power-One 
ae 


and CEE (International Commission 
of Rules). They also provide world- 
wide ac input capabilities—100, 120, 
| 220, 230 and 240 V ac from 47 to 63 
Hz—letting customers stock a single 
supply regardless of destination. 


ES ee Af. = 


pine ELSA? is a high-performance. uit doppanitentinens pertormance 
VME with 
r for real- time; apolications 


Highie t and economical, d 
“pendable: Beiaenance are just the start 


of theSAHK68/V2F's standard 
punts nt otro 20 CPU 


no Wail StReeDRANT 


HEUTKON 


Take Heurikon’s HK68/V2F for a test-lap today. 


1-800-356-9602 (ext. 405) 
Telefax: 608-251-1076. 
3201 Latham Drive = Madison, WI 53713 


Call toll-free: 
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@ NEW PRODUCT HIGHLIGHTS 


Designed to facilitate the exchange of 
data between devices with different 


Bidirectional FIFO 
eases data exchange, 
enhancing system throughput 


Based on a dual-port RAM cell, the 


word 9-bit FIFOs (the ninth bit is re- 
served as a parity bit), which can be 
read and written to simultaneously. 
All necessary control and multiplex- 


Cache tag memories match 
output times of 17 ns 


Fabricated with the manufacturer’s 
proprietary BiCMOS technology, the 
SSL2152 and SSL2154 are 2k x 9-bit 
cache address comparators with ad- 
dress compare to match output times 
as fast as 17 ns. Both devices have 


TTL-compatible inputs/outputs, are 
cascadable in memory depth and 
word width, and feature a ninth bit 
to handle parity checking. To accom- 
modate different system require- 
ments, the SSL2152 has totem-pole 
“Match” output, while the SSL2154 
has open-drain “Match” output for 
OR-tying with an external pull-up 
resistor. Both parts feature on-chip 
parity-generation and -checking 
capability, parity-error output, and 
forced-parity-error input. Prices for 
both devices start at $56. 


10500 Ridgeview Ct 
Cupertino, CA 95014 


Circle number 121 : | 


Saratoga Semiconductor 
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transfer rates, the 67C4701 isa512- |f 
wordx8-bit bidirectional first-in, |B 
first-out (BIFIFO). The device pro- |f 
vides an asynchronous full-duplex |f 
connection between two CPUs work- |f 
ing in a multiprocessing mode, or be- | 
tween a CPU anda peripheral device. |) 


CMOS BIFIFO contains two 512. if 


ing logic circuits, plus a variety of i : 
features, are located on a single 28- Laa= 


INTEGRATED CIRCUITS 


pin chip. A byte-detect mode allows 
a comparison between the values of 
bytes being read and an 8-bit value 
preprogrammed into the internal 


Chip set pushes 
transfer rate to 40 Mbytes/s 


A two-chip set for VMEbus boards, 
the AVICS (Advanced VMEbus Inter- 
face Chip Set) addresses the task of 
building high-performance multipro- 
cessor systems for military and large 
civil/coommercial applications. The 
chip set supports a sustained mem- 
ory-to-memory data-transfer rate ap- 


| proaching the VMEbus specification 


of 40 Mbytes/s. The use of built-in 
RAM buffers for address and data in- 
formation eliminates the need to 
handle data twice when passing mes- 


e sages from one intelligent card to 


another. A three-stage pipeline is 
used to maximize the transfer rate 
and minimize the VMEbus hold 
times, while a built-in direct memory 
access controller handles transfers 
from on-board RAM tothe VMEbus. 


DY-4 Systems 
21 Credit Union Way 
Nepean, Ontario K2H 9G1 


Circle number 122 


PLD features 
22-ns propagation delay 


A high-speed programmable logic de- 
vice, the PLHS473 offers a worst-case 
propagation delay of 22 ns. The de- 
vice’s 11 outputs can be configured to 
accept up to 24 product terms, while 


| indicate full and empty conditions. 
| The 28-pin BIFIFO is priced at 
| $42.50 each in 100-piece quantities. 


register. When the specified value is 
read from the FIFO, the device gener- 
ates an interrupt to tell the host that 
a byte detect has occurred. 

The device also generates framing 
bits asa means of identifying specific 
| data or command blocks, eliminating 
the need to search the entire FIFO to 
locate desired information. Program- 
mable almost full and almost empty 
flags let users tailor flag positions to 
the unique requirements of individ- 
ual systems. Additional status flags 


Advanced Micro Devices 
901 Thompson Pl 
Sunnyvale, CA 94088 


‘Circle number 120 


a verified lock fuse ensures design 
security after the device has been 
programmed. Because both the AND 
array and the OR array are program- 
mable, common product terms (from 
the AND array) can be shared with 
any of the 11 output pins, letting a 
designer implement OR gate func- 
tions with up to 24 inputs. In 100- 
piece quantities, the plastic 24-pin 
dual in-line model is priced at $5.70, 
while the 28-pin plastic leaded chip 
carrier package costs $6.40. 


Philips Components Div 
PO Box 523, 5600 AM 
Eindhoven, The Netherlands 


Circle number 123 


Signetics 
811 E Arques Ave 
Sunnyvale, CA 


Circle number 124 


Trademark Information 


UNIX is a registered trademark of 
AT&T Bell Laboratories. 


PAL and PALASM are registered trade- 
marks of Monolithic Memories Inc. 
GEOMETRY ENGINE isa trademark 
of Silicon Graphics Inc. 


386, 386SX, 376, Intel386, iRMK, 
iRMX, and ICE are trademarks of Intel. 
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Single-chip modem 
boasts 9,600-bit/s speed 


A single-chip modem that operates at 
9,600 bits/s, the YM7109 offers full 
compliance with telecommunications 
and industry standards. In addition 
to its modem capabilities, the chip is 
suited for Group 3 FAX in any per- 


sonal computer, letting users send 
facsimile documents from PC to PC, 
from PC to facsimile machine, or 
from facsimile machine to PC. Built- 
in programmable double-tone gener- 
ation is featured, as well as a scram- 
bler and descrambler, programmable 
tone detection, a transmission filter, 
a programmable transmission level 
from 0 dBm to —15 dBm and a fixed- 
link equalizer. The device comes in 
either a 40-pin dual in-line package 
or a 64-pin quad flatpack, and runs 
on a 5-V, type D power supply. In 
quantities of 100, the modem chip is 
priced at $100. 


Yamaha 
6600 Orangethorpe Ave 
Buena Park, CA 90620 


| Circle number 125 


24-pin PLD 
lowers delay to 12 ns 


A programmable logic device (PLD) 
with a worst-case propagation delay 
of 12 ns, the Plus173D is constructed 
with two arrays (AND and OR). The 
device supports programmable out- 
put polarity (active high or low) for 
each bidirectional I/O, making it suit- 
able for applications ranging from 
simple cross-coupled latches to parity 
checkers and generators. Design, sim- 
ulation and device programming sup- 
port for the chip are provided by the 


INTEGRATED CIRCUITS 


manufacturer’s Amaze PLD design 
software, which includes Boolean 
logic and direct state-equation entry, 
as well as functional and ac timing 
simulation models and an automatic 
test vector generator. In production 
quantities, the Plus173D is priced 
at $10.50. 


Signetics 
811 E Arques Ave 
Sunnyvale,CA 94088 __ 


Circle number 126 _ 


DSP chip executes 
400 million operations/s 


Designed for applications where 
video signals are processed in real 
time, the IMS A110 digital signal 
processing chip can execute more 
than 400 million calculations/s on 
video data at speeds of up to 20 MHz. 
The chip’s raw numeric processing 


power is derived from a parallel- 
processing architecture in which 
digitized data flows through a pipe- 
line of 21 multiplier/accumulators. 
Besides the multiplier/accumulator 
array, the device incorporates three 
1,120-stage shift registers of pro- 
grammable length, each of which can 
hold a line of video data. The 8-bit- 
wide signal path is compatible to the 
grayscale output of most video sys- 
tems. In sample quantities, the chip 
is priced at $500. 


1000 Aztec W 
Almondsbury, Bristol, U.K. 


| Circlenumber 127 _ 


Coming October 15 


Watch for Bill Harding's 
Special Report on 
LAN strategies for CAE/CAD. 


Inmos 


INTEL 


EMBEDDED CONTROLLERS 
ARE GOOD FOR PLANTS. 


Now you can drive a factory control system with a fraction of the 
processors. If it’s designed with a member of Intel’s 80960 family. 
Just call 800-548-4725 (Lit. Dept. 437). 


©1988 Intel 
Corporation 
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@ NEW PRODUCT HIGHLIGHTS 


= 


roo 
DESIGN AND DEVELOPMENT TOOLS 

68000 development and which facilitates debugging. The | ject code into the target; program 

debug software targets package is priced at $11,200 for the | control; anda C source-level debug- 

VAX and Macintosh platforms VAX and $2,800 for the Macintosh. | ger. By combining these functions 


A complete integrated software de- 
velopment and debug package for the 
Motorola 68000 microprocessor fam- 
ily, Toolware runs on Digital Equip- 
ment Corp’s VAX and Apple Com- 
puter’s Macintosh series. Under the 
VMS operating system, designers 
can use the VAX series for the 68000/ 
008/010/020 microprocessors. With 
the Macintosh II, SE and Plus, new 
designs can be developed for 68020- 
based systems under the Apple oper- 
ating system. 

The development package lets VAX 
and Macintosh users interface with 
Motorola’s HDS-300 development 
system, a platform that supports ap- 
plication development for 68000 mi- 
croprocessors. A cross C compiler is 
included in the package, as well as an 
assembler/linker and source-level de- 
bugger with a special feature that al- 
lows for quick code compilation. This 
feature, called Make File, eliminates 
the need to specify parameters for 
each compilation, thus shortening 
program time. 

Instead of working in assembly lan- 
guage, users of the source-level de- 
bugger can work in C language, 


Individual components can be pur- 
chased separately. 


| Motorola srt i a Group 
6501 William Cannon Dr W 
| Austin, TX 78735 


| Circle number 128 | 


Development system 
applied to 68000 family 


A logic-analysis-based development 
system for the Motorola 68000 micro- 
processor family, the TekDB Monitor 
integrates C source-level debuggers, 
a logic analyzer and an embedded de- 


a 


with the 1241 logic analyzer, real- 
time trace and hardware breakpoints 
are available. The package consists 
of an integrated C source-level de- 
bugger (TekDB) and debug monitor 
software that’s burned into an 
EPROM and loaded into the user’s 
prototype via an RS-232 port. Prices 
for the system range from $2,500 to 
$7,000, depending on the host com- 
puter’s configuration. 


Tektronix 

PO Box 12132 
Portland, OR 97212 
Circle number 129 


Engineering tools adopt 
Sun and Apollo platforms 


An engineering tool for the specifica- 
tion and analysis of complex, real- 
time systems is available on the 
Sun-3 series and Apollo 3000 and 


~=| 4000 series, as well ason DEC VAX 


bug monitor. The system provides 
three basic functions: download of ob- 


TEKNOR 
presents its new STD BUS 


INDUSTRIAL PCs 


IBM PC COMPATIBLE 
GRAFCET SEQUENCE CONTROL LANGUAGE AVAILABLE 


P.O. BOX 455, SAINTE-THERESE 
(QUEBEC) CANADA J7E 4J8 
TEL. : (514) 437-5682 

FAX.: (514) 437-8053 


Th ga: LEKN OR 


MICROS' 
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systems. The Stalemate system also 
includes a prototyper package for 
rapid prototyping in Ada, a documen- 
tor for automatic documentation in 
Department of Defense 2167A or cus- 
tom formats, and kernel/analyzer up- 
grades. Pricing for all of the system 
packages is uniform for Sun, Apollo 
and VAX workstations. The kernel is 
$10,000 per user; the analyzer is 
$25,000 per user; the prototyper is 
$25,000; and the documentor is 
$15,000. The software runs in stand- 
alone or networked mode. 


| i-Logix 
| 22 Third Ave 
Burlington, MA 01803 
| Circle number 130 | 


PCB design tool 
enhances layout process 


An enhancement to the Mentor 
Graphics Idea series of schematic 
capture and simulation tools, Proto- 
view lets printed circuit board layout 
and manufacturing considerations 
be specified much earlier in the de- 
sign process. By focusing on design 
flow from the logical/schematic level 
to the physical packaging stage, the 


Ne Yeas 


option lets the design engineer speci- 
fy the placement of critical compo- 
nents and view printed circuit boards 
completed by CAD groups prior to de- 
livery to manufacturing. The tool 
provides simultaneous two-sided 
placement; handles mixed technol- 
ogy such as surface-mount devices, 
through pin devices and mixed analog 
and digital components; and can view 
both the schematic and resulting lay- 
out graphically on a split screen. The 
option is priced at $14,900. 

Mentor Graphics 

8500 SW Creekside Pl | 


Beaverton, OR 97005 
Circle number 131 = el 


ASIC verification system 
delivers 100-MHz clock rates 


The Logic Master XL2 Verification 
System provides 896 individual pat- 
tern-generation and acquisition chan- 
nels, or up to 448 bidirectional I/O 
channels, to verify application-specific 
ICs with over 600 pins. Featuring 
100-MHz clock rates and up to 80- 
MHz data rates across all 896 chan- 
nels, the system provides 48 timing 
edges, with 24 edges available to 


each pin. Timing is assigned on a per- 
pin basis so that measurements can 
be made for each individual device 
pin. Accuracy of +1.75 ns across all 
896 channels is maintained by auto- 
calibrating each driver edge to match 
the threshold level of the correspond- 
ing device pin. Configurations begin 
at $470,000 for a 480-channel system. 


CAD tool expands 
to IBM PC ATs 


A high-end computer-aided drafting 
tool, the Plot 10 TekniCAD has been 
expanded for use with IBM PC ATs 
and compatibles. The TekniCAD/PC 
requires a system running MS-DOS 
3.1 or higher, with a floating-point 
coprocessor, an Enhanced Graphics 
Adapter (EGA) display, a minimum 
of 2 Mbytes of extended memory and 
a hard disk (20 Mbytes minimum). A 
serial port and a mouse are also 
recommended. 

The tool recognizes points, lines, 
arcs, arrows, dimensions and notes as 
separate items, letting the user spec- 
ify constraints, limit searches and 
pinpoint a specific item in a crowded 
drawing. Any function can be per- 
formed on an entire body of items. 
Drawing data may be organized into 
several different levels, line styles 
and pen colors. Crosshatching func- 


DESIGN AND DEVELOPMENT TOOLS 


tions include solid panel fill, line fill 
and fill with any user-generated pat- 
tern. Construction lines and grids 
can be created or removed to facili- 
tate location selection. The price for 
the tool is $2,995. 
CAD Associates 
5840 W Interstate 20 
Arlington, TX 76017 
Circle number 133 


Addendum 


In our August 15 issue in the article 
“Unix performance merits extra design 
effort in SBC implementations” (p 54), we 
listed David L. Barker of Motorola’s 
Microcomputer Division as the sole 
author. Two of Barker’s colleagues—Paul 
S. Raynoha, system software architect, 
and Patricia A. Whitehurst, technical 
writer—also contributed to the article. 


Integrated Measurement Systems 
9525 SW Gemini Dr 
Beaverton, OR 97005 


Circle number 132 


INTEL 
FLASH MEMORIES. 
A FORCE FOR CHANGE. 


Now you can update a cash register with the latest prices. 
Cost-effectively. Only with an Intel Flash memory. 


i 


_ 


©1988 Intel Corporation 


Just call 800-548 


-4725 (Lit. Dept. 463). 


C2 
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PRODUCT BRIEFS 


Surge protector 

The ITW Linx High-Speed Data 
Transmission Protector safeguards 
T1 multiplexers and other twisted- 
pair communication equipment 
against power surges that are caused 
by lightning and other transient 


voltages. 
ITW Linx Circle 190 


nous data at rates up to 72 kbaud and 
asynchronous rates up to 38 kbaud. 
$550. 

International 
Data Sciences 


HP Laserjet to DEC interface 
The Switchmate II intelligent printer 
switch makes Hewlett-Packard Las- 
erjet printers compatible with DEC 
systems. $1,295. 

Gold Key Electronics 


Circle 192 


Circle 195 
Desktop power systems 
The VIP Executive Desktop Series 
400 VA, 800 VA and 1250 VA unin- 
terruptible power supplies are de- 
signed for PCs, small business com- 
puters, LANs and POS applications. 
ITT Power Systems Circle 193 


Menu-driven CAD interface 

Based on PC-like windowing technol- 
ogy, the MDI software provides func- 
tional groupings of menus and key- 
words, eliminating the need for mem- 
orizing command mnemonics. 
Calma Circle 196 


VMEbus-to-Unibus link 
The Model 600 VMEbus-to-Unibus 
link provides a bidirectional data 
path between a VME-based processor 
and a Unibus-based computer. 
$1,500. 
Jorway 


TMS320 macro assembler 
Designed for use with the Texas In- 
struments TMS32020 or TMS320C25 
digital signal processing chips, the 
ASM-320 Macro Assembler generates 
Hex files that are suitable for upload- 
ing to the manufacturer’s DSP-16 
data-acquisition processor. $49.95. 


Switching power supplies 

The MDT-160 160-W, the MDT-220 
220-W and the MAX-350 350-W 
switching power supplies are all de- 
signed in the same package size, al- 
lowing upgrades without system 
redesign. 


Circle 191 


Bit-error-rate tester 

The ‘Pocket Bert’ handheld bit- 
error-rate tester, combined with a 
breakout box, is a battery-powered 


test set capable of testing synchro- | Ariel Circle 194 | Todd Products Circle 197 
a} 

COMPANY, PRODUCT CIRCLE NO. | COMPANY, PRODUCT CIRCLENO. | COMPANY, PRODUCT CIRCLE NO. 
AAK Inmos Power Switch 

linear power supplies........... pscidigaaoye 100 DSPCHID. SE wc csgristwrecrtessneiredesey A 127 linear power supplies 112 
ACDC Electronics Integrated Measurement Systems Powertec 

linear POWer SUPPHiICS ............ccccccceetereeeteetees 101 ASIC verification SySt@M ............c.c008 w¥32 linear power supplies.. 113 
Acme Electric Integrated Solutions Radstone Technology 

linear power SUPPHieS .............cccecceceeseeeees ....102 VMEbus single-board computer... 159 SCSI-to-VMEbus interface 174 
Acopian Interphase RTE Power/Mate 

linear power supplies... 5 Petes | IP! adapter for VMEbus...... 163 linear power supplies 114 
Advanced Micro Devices lronics Saratoga Semiconductor 

bidirectional FIFO.................... Bsreitt adept Sew RISC processor single-board computer . 156 cache address comparators 121 
Burr-Brown Kepco SBE 

DSP. SYSEQIS 533 ssszs crazies sicvssccrecketsononssssntsestaoaences 150 linear power supplies .................. .. 108 Multibus | 68020 processor 175 
CAD Associates Lambda Electronics Signetics 

GAD TOO fOr PO ATS: .c.:<itsccssscnsrAne tos linear power supplies......... 109 12-ns programmable logic device 126 
Calex Manufacturing Logical Design Grou Signetics 

lim@ar POWEF SUPPHIOS ..........6ccccccceeeeeeeeeensesenee 104 memory I/O board ... 165 22-ns programmable logic device 124 
Central Data Matrix Sola 

Multibus | 80386 single-board computer ........151 68020 single-board computer.............. 164 linear power supplies 115 
Ciprico Maxim Integrated Products Sorensen 

Multibus | to SCSI adapter ..............00000000.152 linear power supplies....... 110 linear power supplies eG 
Computer Dynamics Mentor Graphics Tadpole Technology 

STD bus single-board computer.............. 153 PCB Ce@SIQN tOO!!...:cscicisssicessccovnn ; 131 VMEbus RISC single-board computer 173 
Computer Products Micro/Sys Tamura 

linear power SUPPHies ...............cccccceeeeee 105 1/0 subsystem for STDbus........ Pease 168 linear power supplies 117 
CSPI Mizar Tektronix 

VMEbus array processor ....... Fatah ni hoes 68030 VMEbus single-board computer 166 68000 development system 129 
Data Translation Motorola Microcomputer Div Valor Electronics 

PS/2 data-acquisition board ..... Petts! real-time VME code software. 169 linear power supplies 118 
Deltron Motorola Microprocessor Group Vmetro 

linear power SUPPHieS ............cccccceceecece eens 106 68000 development software...... 128 68020 development too/ 170 
DY-4 Systems Mupac Win Systems 

VMEbus interface Chip S@t .........cccccccccceeseeen 122 Multibus/VMEbus enclosures .................000026... 162 STD bus single-board computer 157 
Elpac Electronics NCR Wind River Systems 

linear POWeF SUPPHieS............2.cccsecceeceeceeeeeses 107 VMEbus-to-SCSI adapter ...........0..00ccceee 167 SPARC real-time software 176 
General Micro Systems Performance Technologies Xycom 

VMEbus single-board computer.....................+ 158 VMEbus synchronous controller......................172 VMEbus 80386 computer 171 
i-Logix Philips Components Div Yamaha 

Sun/Apollo platform engineering tools......... .130 22-ns programmable logic device 123 9,600-baud single-chip modem 125 
Inmos Power One Ziatech 

VMEbus mother board «............c00cccceeeeeees 161 linear power suppli@s................:0000- 111 PC memory expansion board 160 
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PRODUCT BRIEFS 


Macintosh II color system 

The Colorboard 108 and a 16-in. 
Trinitron monitor compose a color 
system for Macintosh IIs that 
matches Apple Computer’s 72-dot/in. 
standard and displays images the 
same size as they appear in output 
form. $4,590. 
Rasterops 


Circle 198 


UPS remote signal package 

The MM-Series uninterruptible pow- 
er supply package is available on the 
manufacturer’s 600-, 1,200- and 
1,600-W models. An external remote 
signal port links the supply to the 
host computer’s operating system via 
the remote operating cable. 

Sutton Designs Circle 199 


Enhanced LAN software 
The Rabbitgate II product platform 
lets a user at a single DOS worksta- 
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tion on a LAN connect to SNA, X.25, 
BSC and DFT Coax mainframe ses- 
sions simultaneously from multiple 
windows with concurrent DOS and 
notepad. 

Rabbit Software Circle 200 
38.4-kbaud async modem 

The Accelerator 2938 is an asynchro- 
nous dial modem that provides error- 
free file transfer rates up to 38.4 
kbits/s and interactive mode rates up 
to 9,600 bits/s. 
Telcor Systems Circle 201 
OS/2 LAN manager 

The company’s OS/2 LAN Manager 
Arcnet driver incorporates a high 
session-level Protected Mode Netbios 
Protocol, which is at level five of the 
seven-layer OSI model, for higher 
throughput. 

Standard Microsystems Circle 202 
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Nissho Information 


Display terminal 

The ImageTerminal displays both 
text- and photograph-quality images 
that are stored on a computer data 
base. 


Image Data Circle 203 


12-bit, 2-MHz A-D converter 

The ADC-00300 is a 12-bit, 2-MHz A- 
D converter and track/hold amplifier 
packaged in a single 40-pin TDIP 
hybrid. 

ILC Data Device Circle 204 
EPROM emulator with Mbit support 
The E102 EPROM emulator is in- 
dependently powered and can emu- 
late EPROMs from 2,716- up to 
27,512- and 271,024-Mbit support 
with optional 32- or 40-pin probe as- 
semblies. $825. 
Adams-Macdonald 
Enterprises 


Circle 205 


ADVERTISER PAGENO. CIRCLE NO. 


Omnicomp Graphics Corp... ......0 IV cece 47 
SF GRPOMNUIEE ats rvss vicars sveupedupt meats 


PRMD S os sess fase sasiesocnacsspecsvberstvasecee 
POIVERO I ites cans nxssursesseatys, keseeee 


Qualstar........... gc exsaungavev Sita astpreee 


Sharp Electronics... 


Standard! Logics .i./..1.iiscs..tsuren 62 
SOURS eiitsbs casusivsresssstaiievreatvia; 
TECHIDOWEN cructasssrercchacts rags nines 

*Teknor Micro Systems, Inc... ......... PT Osos ccsessings Sy 
TERIOR ANG ania evar csess ste hiteecet Voda: 14,63 
Telebyte Technology................006 DD cstncets feteene 59 


Texas Microsystems, INC....... 0.000 
*Triad Semiconductors......... 0.00066: 
Valid Logic Systems, Inc... 


Varta Batteries, INC... eceeeee 


MIMESDOCISISIS 5..:.50ccicicccecee ascczecsess Se Os 51 
= ela gray EE ORE MOG hceet 54 
* Domestic Issues Only 


The Advertisers Index is published as a service. 
The publisher does not assume liability for errors 
or omission. 


COMPUTERDESIGN OCTOBER 1, 1988 113 


PERSONAL DEVELOPMENT 


CONFERENCES 


Oct 30-Nov 4 

Ninth Int’l Conference 
on Computer 
Communication 


Hilton Hotel, Tel Aviv, Israel. Ses- 
sions will cover local area, wide area, 
dedicated, special and personal! net- 
works; data transmission; and com- 
munications aspects of expert sys- 
tems, office and factory automation, 
and the man-machine interface. 

Information: J. Kella, ICCC, PO Box 
50006, Tel Aviv, 61500 Israel, 
03-654571. Circle 180 


Oct 31-Nov 2 

Autofact 

McCormick Place, Chicago, IL. Dedi- 
cated to aiding technical managers 
and engineers, this conference will 
contain sessions on the multitude of 
technical topics involved in the auto- 
mated, integrated factory, including 
AI and expert systems, CAE/CAD/ 
CAM, CIM, MAP/TOP and other 
LANs, IGES, robotics, sensors, vision 
and simulation. 

Information: Society of Manufactur- 
ing Engineers, One SME Dr, PO Box 
930, Dearborn, MI 48121, (313) 
271-1500. Circle 181 


Nov 6-11 
Advances in 
Intelligent Robotic 
Systems 


Hyatt Regency Cambridge, Cam- 
bridge, MA. Concurrent conferences 
will provide a forum for technology/ 
scientific interaction among atten- 
dees on computer vision, expert in- 
dustrial robots, sensor fusion, optics 
and image sensing, automated in- 
spection and mobile robots. 

Information: Society of Photo-Optical 
Instrumentation Engineers, PO Box 
10, Bellingham, WA 98227, (206) 
676-3290. Circle 182 


Nov 8-10 

GOMAC-88 

Riviera Hotel, Las Vegas, NV. Inter- 
national Competitiveness—Its Im- 
pact on Government Electronics is 


the theme for this year’s Govern- 
ment Microcircuit Applications Con- 
ference, which will address the 
impact on weapons systems and 
government electronics as a whole 
caused by the erosion of U.S. indus- 
trial leadership in semiconductors 
and related industries. 

Information: Jay Morreale, Palisades 
Institute for Research Services, 201 
Varick St, Room 1140, New York, 
NY 10014, (212) 620-3371.Circle 183 


Nov 15-17 

Neural Networks 

and Their Applications 

Nanterre, France. This workshop 
will provide a focal point for discuss- 
ing and evaluating the reemergence 
of neural networks and their indus- 
trial prospects, surveying interna- 
tional applications that are under 
development or already operational, 
and presenting commercially avail- 
able products. 

Information: EC2, Neuro-Nimes, 269, 
rue de la Garenne, 92000 Nanterre, 
France, (1) 47 80 66 29. Circle 184 


) Wescon/38: 


Nov 15-17 

Wescon 

Anaheim Convention Center, Ana- 
heim, CA. In conjunction with a 36- 
session applications- and user-ori- 
ented professional program that will 
cover application-specific ICs, sys- 
tems and software, peripheral de- 
vices, and neural networks, this 
year’s western electronics conference 
will stress automated design tools 
and engineering workstations. 
Information: Garry Reeves, Electron- 
ic Conventions Management, 8110 
Airport Blvd, Los Angeles, CA 
90045, (213) 772-2965. Circle 185 


SEMINARS 


Oct 31-Nov 1, Dec 5-6 

Making Software Engineering 

and CASE Happen 

Chicago, IL and Washington, DC, 
respectively. This seminar will sup- 
plement a manager’s base of experi- 
ence in computer-aided software en- 
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gineering with emphasis on qualita- 
tive and quantitative assessment, 
methods and tool selection, and 
methodology guidelines for installa- 
tion and evaluation. 

Information: Digital Consulting, 6 
Windsor St, Andover, MA 01810, 
(508) 470-3880. Circle 186 


MICROPROCESSOR REPORT 


THE NEWSLETTER OF MICROPROCESSOR-BASED DESIGN 
TTL 


Nov 3 

Microprocessors ‘89 

Red Lion Inn, San Jose, CA. Sympo- 

sium featuring all of the latest major 

high-performance microprocessors 

will be on designing systems with 

those microprocessors. Representa- 

tives from each microprocessor ven- 

dor will participate. 

Information: MicroDesign Resources, 

550 California Ave, Suite 320, Palo 

Alto, CA 94306, (415) 494-2677. 
Circle 187 


Nov-Jan 

Image Processing and Machine Vision 
Various locations. Seminar will pro- 
vide an understanding of the fun- 
damentals of image processing and 
machine vision, including techniques 
for implementation and integration 
in cost-effective applications. 
Information: John Valenti, Integrat- 


ed Computer Systems, 5800 Hannum 
Ave, Culver City, CA, 90281, (800) 
Circle 188 


421-8166. 


CASSETTE COURSES 


Introduction to MC88100/MC88200 
Instruction Set Computer 

This self-paced, modular, audio cas- 
sette course (MTTA6) for designers 
with expertise in using 32-bit proces- 
sors contains three tapes with ap- 
proximately 4% hours of material, 
fully illustrated notes, and related 
support literature. The course sets 
the foundation for the M88000 family 
of RISC microprocessors and covers 
the features of the MC88100/MC- 
88200 RISC. Each module provides 
clearly stated objectives, comprehen- 
sive exercises and evaluations. 
Information: Motorola, Literature Dis- 
tribution Ctr, PO Box 2092438, Phoe- 
nix, AZ, (602) 994-6561. Circle 189 


® There are publications that focus 
exclusively on ASICs. 


@ There are publications that talk 
about board-level computers. 


@ There are publications that cover software 
only. 


@ There are publications that inundate you with 
news about people and business. 


Computer DESIGN is the ONLY publication that’s devoted 
exclusively to all of the things you do—design and integrate systems 
that incorporate microprocessors, ASICs, single-board computers, 
OEM computers and software. And COMPUTER DESIGN is 
particularly useful if you supervise or manage system design and 
integration projects because it goes beyond the “how-to’. 


COMPUTER DESIGN zeros in on the “why-to” of design: on the 
suitability of a technology or design strategy; on alternative solutions; 
on build-or-buy trade-offs, and on cost/performance trade-offs. 


IN EVERY ISSUE OF COMPUTER DESIGN, YOU’LL FIND: 


M@ TECHNOLOGY FOCUS REPORTS 
These in-depth articles highlight a technology area of importance to COMPUTER 
DESIGN readers. Tech Focus Reports provide timely analysis of technology 
news and market-related factors which may affect design choices and decisions. 
These articles include snapshots highlighting ‘real-life’ applications, which 
delve into the problems, trade-offs, solutions and experiences of a typical user, 
and offer insight into the way the technology discussed is actually applied. 


Mi SPECIAL REPORTS 
These comprehensive features explore the technology and design issues 
that are of major importance to COMPUTER DESIGN readers. They provide 
in-depth analyses that examine the directions in which key technologies are 
driving microprocessor- and computer-based product design and development. 
The emphasis in these reports is on design trade-offs and the build-or-buy deci- 
sions senior engineers and engineering managers must always make when 
choosing a technology approach or implementing an overall design strategy. 
These reports highlight the most important or controversial issues, assess the 
impact of technological developments, and offer insights on how real-life 
design decisions are made. 


Mi PRODUCT FOCUS REPORTS 
Included in every issue, Product Focus Reports complement the coverage 
provided in other reports and the Buying Guides by stressing product features, 
specifications, availability and price for products such as standard ICs, disk 
drives, power supplies, and oscilloscopes. 


MM REGULAR MONTHLY COLUMNS 
Design for Testability 
ASICs in Systems 
Technology Market Forecasts 


PLUS, COMPREHENSIVE BUYING GUIDES SIX TIMES 
A YEAR... 


The Buying Guides are targeted at the special needs of engineering teams 
that design board-level products using microprocessors, peripheral ICs and 
ASICs, and build systems around single-board computers and peripheral 
boards. These Buying Guides are especially useful to senior engineers and 
engineering managers because they present key specifications, performance 
characteristics and prices in a concise, organized fashion, which makes 
product comparisons quick and easy. 


HERE’S HOW TO GET YOUR FREE SUBSCRIPTION 


Just complete the enclosed subscription form today (please be sure 
you answer all questions). Then sign, date and drop it in the mail. 


If you are already a subscriber, please pass the subscription form on 

to anyone else in your organization who needs up-to-date information 

on ICs, ASICs, single-board computers, OEM computers or software. 
® 


THE FIRST MAGAZINE OF SYSTEM DESIGN 
DEVELOPMENT AND INTEGRATION See us at Buscon Booth #138 


W@ DESIGN FOR TESTABILITY 


testability features designed 

into systems, subassemblies 
and line-replaceable printed circuit 
boards, the military has expended 
a tremendous amount of effort and 
funds designing and implementing 
specialized test systems to accom- 
modate its depot and field repair 
sites. In earlier systems, control- 
lability and observability of circuits 
were relatively easy to achieve. Manufacturers simply 
designed testability features into these systems to meet 
mean-time-to-repair (MTTR) requirements imposed by 
the military. But these testability features were usual- 
ly incorporated at the system level, since the MTTR re- 
quirements typically applied to system-level operation; 
thus, very little attention was given to including testa- 
bility features in subassemblies. 

But over the past decade, military system designs 
have been using state-of-the-art technology. Without a 
structured plan for including testability features at all 
levels of assembly, these systems may be untestable in 
some instances and, at the very least, will incur horren- 
dous test problems and high costs when test solutions 
are implemented. 

Confronted with such a scenario, the Department of 
Defense (DOD) has taken great strides toward the in- 
clusion of design-for-testability techniques. The VHSIC 
(Very High Speed IC), IDSS (Integrated Diagnostic Sup- 
port System) and GIMADS (Generic Integrated Main- 
tenance and Diagnostics) programs key heavily on 
design for testability, but they aren't all-inclusive from 
a system viewpoint. Sothe DOD issued MIL-STD-2165, 
“Testability Program for Electronic Systems and 
Equipment,’ in 1985, which defines a systematic 
method of ensuring that appropriate testability fea- 
tures are designed into its systems 

The intent of MIL-STD-2165 is similar to that of MIL- 
Q-9858, which required that suppliers to the military 
establish the separate Quality Control department that 
had total responsibility for ensuring that systems meet 
the required reliability and quality specifications. Al- 
though it took a few years for manufacturers to properly 
implement MIL-Q-9858, once it became the normal . 
structure within a company, it was extremely success- 
ful. MIL-Q-9858 let the DOD deal exclusively with the 
Quality Control department in resolving quality and 
reliability problems. 

Many companies that build systems for commercial 
applications have successfully used the guidelines set 
down in MIL-Q-9858. Similarly, the guidelines and in- 
tent of MIL-STD-2165 should be applied, where ap- 
propriate, by companies building commercial products. 
If these companies do so, they will benefit from the 


ps by a lack of adequate 
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Military standard defines method 
of designing testability into systems 


Art DeSena 
President, ADS Associates 


many years of coordinated efforts of the military joint 
services and their contractors in the electronics indus- 
try. Military suppliers, meanwhile, won't have any 
choice but to implement MIL-STD-2165, since it will 
probably become a common requirement imposed on all 
systems, such as MIL-Q-9858 is a requirement of all 
DOD equipment programs. 


Bf Testability requirements 
MIL-STD-2165 requires that the contractor set up a 
testability organization that will be responsible for 
creating, managing and implementing a testability 
plan for the system to 
be produced. This or- 
anization must be de- 
ined and functioning in 
the very early stages of 


Without a structured 
plan for including 
testability features at 


all levels of assembly, ee se onc nn. 
these systems may tle complexity, such an 
be untestable. organization may sim- 
ply comprise one design 
Basa engineer and one testa- 


bility engineer. A large 
program such as a sonar or radar system, for exam- 
ple, might have a testability organization consisting 
of dozens or even hundreds of people, most of whom 
are engineers responsible for the review and im- 
plementation of testability at all levels of assembly 
within the system. 

MIL-STD-2165 consists of three main sections. Sec- 
tion 100 defines the program monitoring and control 
tasks that relate to the overall management of the 
testability program, including setting up a testability 
program plan, testability reviews, testability data col- 
lection and testability analysis. Section 200 defines 
tasks that include detailed testability requirement 
trade-off analyses, preliminary and detail design 
goals, and testability and assessment efforts. And Sec- 
tion 300 covers the test and evaluation of testability 
features during maintainability demonstrations, 
which are performed by introducing faults into a sys- 
tem and measuring both the time it takes for the sys- 
tem’s diagnostic routines or self-test features to locate 
the problem, and the time it takes to then repair the 
system and return it to its normal operating status. 
Maintainability demonstrations are conducted to ver- 
ify that the system can meet the MTTR requirements. 

MIL-STD-2165 also has two appendices. Appendix A 
provides guidance for implementing and tailoring a 
testability program and contains information regard- 
ing the purpose, selection and timing of testability re- 
quirements. Appendix B provides a methodology for 
evaluating the testability of a design in the early 
stages of system conception and development and de- 


fines general design-for-testability rules that are ap- 
plicable to a broad cross-section of systems. 


B A success story 

Properly evaluating the effectiveness of MIL-STD-2165 
will take many years, since new system designs can 
take that long from inception to completion. One com- 
pany, however, has already witnessed the standard’s 
effectiveness. Subcontractor Resdel Engineering (Ar- 
cadia, CA), with help from ATE Solutions (Westlake 
Village, CA), a consulting company, successfully im- 
plemented MIL-STD-2165 in a sonobuoy receiver sys- 
tem for the military. 

The stringent requirements for the sonobuoy re- 
ceiver design included that redundancy be designed 
into the system to ensure that no single-point failure 
would prevent the system from performing to specifi- 
cations, as well as sufficient built-in-test (BIT) and 
built-in-test-equipment (BITE) to detect 98 percent of 
all failures in the system. The BIT/BITE capability 
replaced the typical system test and had to be struc- 
tured so it could run in a continuous background mode. 
False alarms from the BIT/BITE had to be kept to 
less than 1 percent. 

Since there was no system test, BIT/BITE had to be 
able to isolate a failure to a single shop-replaceable 
assembly (SRA) in 90 percent of the cases, to one of 
two SRAs in 95 percent of the cases and to one of 
three SRAs in 98 percent of the cases. 

In a report presented at the recent ATE and Instru- 
mentation Conference, Louis Unger, president of ATE 
Solutions, and Michael Englehart, project manager of 
the P-3 Update IV Sonobuoy Receiver at Resdel En- 
gineering, described the steps taken to successfully 
implement MIL-STD-2165. 

The first step was to set up a testability program 
plan that identified and integrated testability man- 
agement tasks needed to accomplish the program re- 
quirements. The testability program plan documented 
the tasks to be accomplished, the schedules by which 
those tasks were to be accomplished and the manner 
in which the results of the tasks were to be used. The 
plan was laid out very early in the development 
cycle—and was enforceable. Resdel Engineering in- 
cluded the testability plan as part of the system en- 
gineering plan and coordinated it closely with the 
maintainability program plan. 

The next step was to set up a testability organiza- 
tion, and Resdel created a department called Testabil- 
ity Engineering, which reported to the manager of 
the Product Support Group. The Product Support 
Group integrates the disciplines of logistics support, 
configuration management, reliability, maintainabil- 
ity and testability engineering. In addition to the 
product-support disciplines, Testability Engineering 
interfaces directly with System Engineering, Design 
Engineering and Test Engineering. “Testability En- 
gineering plays the role of system integrator in exam- 
ining requirements and providing trade-offs for the 
other disciplines to apply in creating testable dsigns,”’ 
Unger and Englehart reported. 

To fully integrate system testability requirements 
into development activities, channels of communica- 
tion must be established between the project organi- 
zation and its outside subcontractors. Resdel not only 


established these channels of communication, but also 
provided a means for testability engineers to work 
with designers ‘‘on-line,” to define, implement and 
decide on the most effective trade-offs for the testabil- 
ity circuits that they would include in all levels of de- 
sign. By doing so, the problems encountered and solu- 
tions needed were tackled in the early design stage, 
when they could solve them easily, and a proper bal- 
ance was reached between performance, cost and sup- 
portability of system assemblies. The open lines of 
communication allowed testability engineers to be- 
come members of the design team rather than just be- 
ing post-design critics. 

Resdel also developed tutorial materials on testabil- 
ity requirements and techniques, which were issued 
to the development team. Supplementing these docu- 
ments was a series of miniseminars on testability and 
the requirements of MIL-STD-2165 as they applied 
specifically to the sonobuoy program and its govern- 
ing equipment specification. 


Bf Testability given full support 
Communication and education are important if testa- 
bility is to be effectively implemented in a complete 
program, such as Resdel’s sonobuoy program. But if 
certain testability requirements bring about an un- 
desirable solution, such as a larger printed wiring 
board, a trade-off must be made. However, the de- 
signer and the testability engineer probably won’t 
agree on the same solution; so a compromise must be 
reached. The most important element in reaching a 
compromise is a respect for each other’s perspective. 
Traditionally, this is a stumbling block because de- 
sign engineers don’t understand testing and test en- 
gineers seldom communicate their needs to designers. 
Often, when designs are disapproved for lack of testa- 
bility, the designer doesn’t know why it lacks testa- 
bility or how to avoid the problem in the future. 
Resdel resolved this 


“‘Designers quickly _ problem by bringing 
realized that no testability in-house and 
matter how much pte ee “ 
: consultants. [he consul- 
they objected, tants brought with them 
testability was the respectability neces- 
here to stay.”’ sary to be able to tell 
—Louis Unger, ATE Solutions, | designers how to design. 
and Michael Englehart, “Resdel management 
Resdel Engineering respected testability 
and gave it its undivid- 
Bada ed support, and design- 


ers quickly realized that 
no matter how much they objected, testability was 
here to stay. The moans and groans gave way to real 
solutions,’ Unger and Englehart reported. 

The DOD will soon release a testability analysis 
handbook, which is intended as a vehicle for im- 
plementing the structured design-for-testability 
methods defined in MIL-STD-2165. The testability 
handbook will assist research, development and ac- 
quisition managers and system contractors in achiey- 
ing testability requirements and in predicting and 
assessing the test effectiveness of the system design. 
The handbook will also contain data sources and tools 
to assist design engineers. 
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@ TECHNOLOGY MARKET DIRECTIONS 


Military lowers its computer requirements 


Sydney F. Shapiro 
Senior Editor 
Research/Special Projects 


cross-the-board reductions 
in Department of Defense 
budgets over the past two 
years—item-by-item paring that 
probably will continue for the next 
several years—make discussions 
about the potential dollar value of 
the DOD electronics market imprac- 
tical. Because belt tightening in 
all areas of this market will lower 
i actual dollar values, discussions in 
ierms of proportions of dollars spent are more reasonable. 
Actually, electronics portions of the DOD budget, par- 
ticularly those involving computers, aren’t likely to be 
cut as drastically as other areas, such as weapon sys- 
tems. Even so, the Electronics Industry Association has 
predicted that DOD spending on electronics will be 4 
percent less this fiscal year than last year and will be 
even less in 1989. Therefore, to meet its increasing de- 
mand for computers, the DOD is being forced to lower 
some of its environmental requirements and purchase 
less rugged and less expensive computers for applica- 
tions that don’t require fully militarized machines. 


B DOD computer classifications 

The DOD classifies its computer and peripherals re- 
quirements as militarized, ruggedized and commer- 
cial. Militarized computers are full-mil-spec devices 
qualified for operation in harsh or combat conditions. 
In such conditions, computer failure could result in 
harm or even death to personnel and possible loss of 
critical battlefield actions. Often these computers are 
based on a commercial architecture, such as that of 
Digital Equipment Corp’s PDP-11 or Data General’s 
Eclipse, on the premise that software won’t have to be 
developed again. But the hardware in these milita- 
rized versions is completely redesigned to meet mili- 
tary specifications in all areas. 

Redesigning a commercial computer for the battle- 
field environment is difficult, expensive and timecon- 
suming. Very often the redesign period is so lengthy 
that a full-mil-spec computer will fall several years 
behind its commercial counterpart in technology. And 
then the designers may discover that the original 
commercial software intended to be used has been so 
modified through several updates that it’s no longer 
compatible with the militarized computer. In addition, 
militarized computers frequently are embedded in 
systems and therefore can’t be used for other purposes. 

Ruggedized computers, on the other hand, are basi- 
cally the same as commercial computers. But they’ve 
been modified and often repackaged as protection 
against the environmental parameters of noncombat- 
related military applications. Some components in 
ruggedized computers are replaced with “hardened”’ 
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equivalents that can withstand wider ranges of tem- 
perature, shock and relative humidity than can those 
in commercial equipment. And temperature control 
and larger power supplies may be included. Usually, 
these computers are used for such operations as rear- 
echelon command and control, analysis of intelligence, 
and communications. 

Although more expensive than commercial computers, 
the ruggedized versions are far less costly than their 
militarized counterparts. This becomes increasingly 
important when purchasing authorities try to fill larg- 
er quantity requirements with fewer dollars. 

Commercial computers—the same computers sold by 
most retail distributors—meanwhile, are purchased in 
large quantities by DOD agencies for routine applica- 
tions. These computers are used in military offices as 
well as in all other normal operating environments. 


Bf Ruggedized computers okayed 

Despite the rivalry between the U.S. Army and the 
Marine Corps, their operations and equipment re- 
quirements are quite similar. Market research firm 
Frost & Sullivan (New York, NY) indicates that both 
services buy three types of computers: transportable, 
portable and handheld. All hardware and software 
are nondevelopment items (NDIs)—items that have 
full environmental capabilities for their class but are 
stock items that have been modified. 

Actually, some of the NDI computers purchased by 
military agencies in the past several years do meet 
military specifications. To save the cost of testing and 
documentation, several major suppliers of such NDI 
products have marketed them to the military specifi- 

cations. They work just 
as well, with or without 


The Army has now pedigree papers. 
determined that Transportable com- 
corps anddivision __ puters, menrser com- 
1 puters capable of being 
echelons don’t need lifted by two persons, 
militarized computers. aye stand-alone, 32-bit 
CPUs with up to 8 M- 
BEE bytes of RAM, a built-in 


display, both floppy and 

hard disks, and a key- 
board. Fifty percent are militarized, 36 percent are 
ruggedized, and 14 percent are commercial. 

Portable computers use the same 32-bit architecture 
as the transportable versions, include up to 2 Mbytes 
of RAM and display monochromatic images on built- 
in displays. Optional external displays provide color 
graphics. Of this processor group, 71 percent are 
militarized, 24 percent are ruggedized and only 5 per- 
cent are commercial. 

Handheld computers weigh less than 10 lb each and 


MARKETS FOR RUGGEDIZED COMPUTERS 


include a keyboard, a small graphics display, 256 
kbytes of RAM and two communications channels. 
They’re based on either 16- or 32-bit architectures. 
All of these computers are militarized because of the 
conditions under which they must operate. 

Frost & Sullivan’s findings illustrate the shift from 
expensive militarized computers to the ruggedized 
counterparts in the Army’s attempt to automate tacti- 
cal command and control operations, operations that 
have been going on for over 25 years. This program, 
which will provide automated battlefield information 
at corps, division, brigade and battalion echelons, 
originally was to be supported by militarized com- 
puter equipment at every level. 

But the Army has now determined that corps and 
division echelons don’t need militarized computers Although there will be only an 8 percent increase in overall 
and has changed its purchase plan to include a large military services expenditures for ruggedized computer 
number of ruggedized computers as well as NDI com- production equipment and systems, the Army and Marine 
mercial computers that have been repackaged to meet pot in 1991 will spend a total of $1.7 billion, nearly dou- 
ruggedized requirements. An estimated cost reduction dg seen: biker nt shea pointbase ig 
of over $76 million will result from this one change in | from $602 million in 1987 to $652 million in 1991, but the 
procurement requirements. The Army will gain further overall percentages will drop from 34.5 percent in 1987 to 
cost reductions by delaying meeting its battalion-level | 23 percent in 1991. One reason for this shift may be a great- 
needs, about 54 percent of the total program, until at er need for full-mil-spec computers by the Air Force. 
least 1990, when the equipment will become available — 
through another procurement plan. 


the most for development of non-mil-spec computers. 


Bf Future even brighter Development forecasts in this area for the Army/Ma- 
Today’s capacity to ruggedize a commercial computer | rine Corps will increase by 24.5 percent in the 1987 to 
results in part from the manufacturing techniques 1991 period. The Air Force will increase expenditures 


and process technology that weren’t available even a_ | by nearly 13 percent in the same period. Other DOD 
few years ago. Computers can now be protected more | agencies are expected to increase their research and 


easily from harsh operating environments. And—by development expenditures by over 46 percent. 
means of VLSI circuitry, smaller components and im- Actual purchases of rugggedized computers will also 
proved materials—commercial electronics as a whole increase, but in different proportions. The Army/Ma- 
and, thus, commercial computers have become more rine Corps combination is expected to increase its 
rugged and reliable. ruggedized computer purchases by nearly 91 percent 
Further improvements in the reliability of commer- | from 1987 to 1991, while the Air Force will increase 
cial electronics and in the relative ease with which its purchases by only slightly more than 8 percent. In 
commercial computers can be ruggedized, plus the the same period, the Navy will double its purchases of 
need to meet increases in required quantities with similar computers. oO 


fewer dollars, will expand the use of such ruggedized 
computers in future years. And, at the same time, 
increased functional requirements for equipment will 
necessitate improved sophistication of the computers 
purchased. 

Some of the likely capabilities that will be added to 
ruggedized computers in the next few years will in- 
clude large flat-panel color displays, high-speed three- 
dimensional pictorial graphics, helmet-coupled dis- 
plays and improved bus architecture. But foremost 
among the necessary improved sophistication will be 
embedded expert systems and speech recognition and 
synthesis. Advances in commercial developments in 
these latter areas will unquestionably be built into 
ruggedized computers for military applications. 

Frost & Sullivan predicts that the 1987 DOD mar- 
ket for ruggedized computers was almost 15 percent J : 
greater than that of 1986 and forecasts that the fiscal For more information. . . 
year 1991 market will be more than 47 percent over Market data referenced in this column was based 
1987’s market. That amounts to an increase of about upon information from the following source: 

69 percent over 1986’s market. 

The largest military service user of ruggedized com- The Military Ruggedized Computer Market in the 

uters is the Army/Marine Corps combination, fol- | U.S., $1,950. Frost & Sullivan, 106 Fulton St, New 


owed by the Air Force. These two groups also spend York, NY 10038. 
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LITERATURE 


Interface boards 


A 100-plus-page 
eo catalog lists the 
company’s lines of 
Sis analogand digital 
Te) boards, communications inter- 
faces, counter/timers, memory and 
disk cards, motion-control interfaces, 
signal monitoring and control 
boards, accessories and software. 
Contec Microelectronics 
Santa Clara, CA Circle 134 


PC instrumentation 

The updated, 144-page summer edi- 
tion of The PC Systems Handbook for 
Scientists and Engineers includes 
over 1,000 products for turning 
8088-, 80286- and 80386-based PCs 
into data acquisition and control sys- 
tems; products have been organized 
by compatibility. 

CyberResearch 


New Haven, CT Circle 135 


HP-UX software 

This catalog covers 400 technical and 
commercial proprietary-software so- 
lutions running on the HP-UX oper- 
ating system, which adheres to 
AT&T’s Unix System V Interface 
Definition Issue 2. It also contains 
200 pages of software for HP 9000 
workstations and servers. 
Hewlett-Packard 


Cupertino, CA Circle 138 


VME ANALOG 1/O BOARDS 


VME analog 
1/0 boards 


A six-page bro- 
chure covers the 
company’s lines of 
high-performance 
analog input/output boards for VME- 
bus, including 12-, 14- and 16-bit 
analog-to-digital and digital-to- 
analog boards. Full technical specs 
and configuration and interface dia- 
grams are included. 
Datel 

Mansfield, MA 


Circle 136 


Microcomputer boards 

This catalog of Multibus I and VME- 
bus products includes single-board 
computers, communications proces- 
sors, memory boards, interface mod- 
ules, firmware, software, enclosures 
and integrated system packages. 
SBE 


Concord, CA Circle 139 


MIL-STD-1553 multiplexer 

This information booklet contains 30 
pages of explanation on BUS-61553, 
a stand-alone, dual-redundant MIL- 
STD-1553 integrated multiplexer hy- 
brid interface that contains a dual 
transceiver, a bus controller, a re- 
mote terminal] unit and bus protocol, 
and static RAM. 

ILC Data Device 


Bohemia, NY Circle 140 
4 _| Data 
A communications 
Data Communication 
Interconnect Catalog 
This 20-page cata- 


log describes a di- 
versified line of 
interconnects, in- 
cluding cables, switch boxes, fiberop- 
tic data links and accessories for 
large and small data communica- 
tions networks. 

Harbor Electronics 


Ridgefield, CT Circle 137 


Networking solutions 

A six-page brochure describes the 
Passport ISDN terminal adapter, 
INM integrated network manager 
and LAN Span remote LAN bridge 
for global networking solutions. 
Infotron Systems 


Cherry Hill, NJ Circle 141 


MIL-STD-1553B components 

A range of interface transformers, 
data bus couplers and data bus termi- 
nators meeting the full spectrum of 
MIL-STD-1553B requirements are 
described in catalog 2001-A, with 
specs, schematics and package con- 
figurations included. 

Technitrol 


Philadelphia, PA Circle 144 
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Data acquisition 


A 256-page color 
handbook includes 
data on the compa- 
ny’s complete line 
of data acquisition, industrial control 
and monitoring, signal conditioning, 
and communications products for the 
IBM PC, PC XT, PC AT and Personal 
System/2, Apple Macintosh II, and 
VMEbus computers. 
Metrabyte 
Taunton, MA 


oe ee 


Circle 143 


Data converters 

This 384-page catalog features data 
sheets on 29 analog-to-digital con- 
verters, 20 digital-to-analog convert- 
ers and 13 voltage references, with 
details on product features, electrical 
characteristics and applications. 
Maxim Integrated Produvts 
Sunnyvale, CA Circle 142 


Power supplies 

This brochure describes switched- 
mode power supplies and de-de con- 
verters, from 1 to 600 W and with up 
to six outputs; many models are UL/ 
CSA/TUV- or VDE-approved and meet 
I/O leakage current requirements. 
Total Power International 
Lowell, MA Circle 145 


Logic analyzer 

This brochure describes ML4400, a 
400-MHz logic analyzer that includes 
user-selectable input cards for the 
simultaneous analysis of up to four 
individual 8-, 16-, and 32-bit micro- 
processors. 

Arium 

Fountain Valley, CA Circle 146 


FULLY APPROVED UNIVERSITY DEGREES Economical 
home study for Bachelor's, Master's, Ph. D., fully approved 
by California State Department of Education, not accredit- 
ed. Prestigious faculty counsels for independent study and 


life experience credits (5000 enrolled students, 400 faculty). 
Free information—Richard Crews, M.D. (Harvard), Presi- 
dent, Columbia Pacific University, Department 3E59, 1415 
Third Street, San Rafael, CA 94901. Toll free: (800) 227-0119; 
California: (800) 552-5522; or (415) 459-1650. 
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INDUSTRIAL COMPUTER SYSTEM 


Unique like the 
Cheops Pyramid 
the industrial 
computer system is 


UIN| TIC. 


COMPUTER 


IBM PC/XT/AT compatible 


The wide spreading of IBM compatible computer 
systems has had as a consequence that a very large 
number of corresponding operating systems, pro- 
gramming languages, utilities and program genera- 
tors are available fast and at low prices. The usage of 
these programs for industrial applications usually 
was not possible with standard computer systems A 
100 % software compatibility to IBM PC/XT/AT 
A Specially designed for rough operating condi- 
tions A A modular and flexible industrial computer 
solution is guaranteed through consequent standard 
19” technique — extended temperature range through 
appropriate connectors and component selection — 
shock-proof through use of non-rotating mass storage 
devices (RAM/EPROM floppy) A All components 
may also be connected to the PC for software develop- 
ment and debugging A Original-IBM expansions 
cards can be used directly on this system by means of 
an adapter card A For industrial applications no spe- 
cial development system is neces- 
sary A A large number of standard 
boards are available, 


-SYSTEME 


INGUTRONIC ~ 


Indutronic, Dipl.-Ing. Kreiger KG, Darnautgasse 13 
A-1120 Vienna, Austria 
Phone (0222) 87 30 71, 
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Telefax (0222) 85 97 55 


CIRCLE NO. 60 
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SYSTEM SHOWCASE 


American/VME. 
The low price and 
warranty leader. 


‘mi 


Yes, American is the low price leader on a full 
range of standard and custom VME Bus enclo- 
sures. And we are so confident about our quality 
that we give you an inclusive four year warranty. 
For detailed information just call 


ANERICAN 


ENCLOSURES CORPORATION 


718-767-3020 
CIRCLE NO. 221 


IEEE-488 for 
VMEbus & MULTIBUS 


=? 


MES 


Hardware Options — High-speed DMA or 
low cost programmed I/O 

Software Support — UNIX, PDOS, MTOS, 
VERSAdos, Aegis 


¥ NATIONAL —_— 


The Software is the Instrument ™ 


Call for FREE Catalog 
512/250-9119 or 800/531-4742 
CIRCLE NO. 224 


SRAM INCREASES 


"SYSTEM PERFORMANCE! 


5575 Tech Center Dr., Colorado Springs, CO 80919 
CIRCLE NO. 227 


COMPUTER 
DESIGN 


Super Decks 


© Now 90,000 circulation—83,000 qualified 
Computer Design U.S. subscribers, plus 7,000 
pass-along engineer inquirers 

© Six mailings in '89—January, March, May, July, 
September and November 

© Less than a penny per card for 6-time users 

© Rates start at $1495.00 and go down with 
frequency 

® Closing is the 21st of the month prior to the 
mailing 


Contact Shirley Lessard or Barbara Kovalchek 


COMPUTER DESIGN 

119 Russell Street 

Littleton, MA 01460 

Tel: Toll Free (800) 225-0556 

In Massachusetts (508) 486-9501 


Associate Designer 


Proven and affordable 
board design. 


Re 
: 

‘Integrated schematic capture * Interac- 
| tive PCB layout editor * 6000 component 


{ 


rary * Optional routers and utilities 
Call for an evaluation package. $50. 
i 


The Leader in PCB Design 


San Jose, CA 


Bt 8 © BD ies 3 


IN SYSTEM 
SHOWCASE 


-§207 or inside CA 800-628-8748 


Your message can stand out from the crowd witha 
color ad in System Showcase. Two- and four-color ads 
are now available. Just send us acolor print, slide or 
transparency with your copy and insertion order and 
we will do the rest. 

For more information, call Shirley Lessard or Barbara 
Kovalchek at (800) 225-0556 (in MA, call (508) 486-9501). 


Rates: B/W Color 
1X$720 18X $650 2/Color $135 
6X $695 22X $640 4/Color $235 
12X $670 


target over 30 
microprocessors 


CROSS 
ASSEMBLERS 


Universal Linker, Librarian 
micro VAX, VAX VMS, PC/MS DOS 


¢ Powerful macros 

© Relocatable or absolute code 
* Binary or ASCII Hex file output 
© Fast Version 2.2 

* Universal Linker for all targets 
* Conditional assembly 

© Prompt delivery 


ENERTEC INC, 19 Jenkins Avenue 


Lansdale, PA 19446 e 215-362-0966 
CIRCLE NO. 223 


PC POWER For Industrial and 
Other High Reliability Applications 


i 


USE UP TO = 
14 CARDS, 
5 ROTATING 
MEMORIES 


Model 3014 @ ; 
industrial 
computer f 


* Fully compatible with all XT", AT®, 386 software and hardware 

* Designed from inception for high reliability industrial, scientific and 
military specifications 

* 14 card slots in any mix of XT or AT, up to 1 gigabyte of rotating 
memory, powered by 225 watt supply 

* Standard 19 inch rack mount, 7 inches high, 22 inches deep. 


CALL OR WRITE TODAY -800-627-8700 


FOR FULL INFORMATION 


mea TEXAS MICROSYSTEMS 
MBN co RPORATED 


10618 Rockley Road * Houston, Texas 77099 © (713)933-8050 


Designers and manufacturers of quality computers for more than a decade 
"1988, Texas Microsystems, Inc 


CIRCLE NO. 226 


Circle 220 for rates and information, or call: Shirley Lessard or Barbara Kovalchek 800-225-0556. In Massachusetts 508-486-9501 
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Easiest IEEE 488(GPIB/HPIB) 
Interfaces for your PC, PS/2, 
Macintosh, HP and more! 
Controllers ¢ 

* Converters 
* Extenders 
¢ Buffers 

* Boards 


Call or send 
for your FREE 


25971 Cannon Road - Cleveland, Ohio 44146 
Telex 6502820864 + Fax (216) 439-4093 


CIRCLE NO. 229 


9-Track Tape Subsystem 
for the IBM PC/XT/AT 


Now you can exchange data files between 
your IBM PC and any mainframe or mini- 
computer using IBM compatible 1600 or 
6250 BPI 9-Track tape. System can also be 
used for disk backup. Transfer rate is up 

to 4 magabytes per minute on PCs and 
compatibles. Subsystems include 7” or 1042” 
streaming tape drive, tape coupler card 

and DOS compatible software. For more 
information, call us today! 


[JUALS TAR, 


9621 Irondale Ave., Chatsworth, CA 91311 
Telephone: (818) 882-5822 


CIRCLE NO. 231 


; Technical Guide 
LOtech (216) 439-4091 
EEE 


PRODUCT 
MANAGERS 


Needed who want to rent 
Computer Design’s top- 
notch direct mail prospect 
list. Excellent benefits, 
competitive rates. 


Call Bruce for more info 
at: 800-225-0556 


VARIAC ‘MEETS YOUR 
COMPUTER DESIGN NEEDS 


Variac Variable Autotransformers 


and Voltage Regulators 7 
TECHNIPOWER IZ 
a Penril COMPANY 


Commerce Park, Box 222, Danbury, CT 06813-0222 


TEL: (203) 748-7001 FAX: 203-797-9285 
CIRCLE NO. 232 


SOFTWARE 
VERSION CONTROL 


The POLYTRON Version Control System (PVCS) provides 
precise & flexible configuration management for software 
development projects on Personal Computers, PC Lans 

and VAX minicomputers, including 

* Storage and retrieval of multiple revisions of source code. 

* Maintenance of separate lines of development using branching. 

* Merging of simultaneous changes. 

* Modules can be reviewed by their own revision number, system 
version number, or specified date. 

* Efficient disk storage. PVCS uses a very intelligent difference 
detection technique that minimizes the amount of disk space 
required to store a new version 

Personal PVCS — offers most of the power $1 49 

and flexibility of Corporate PVCS 

Corporate PVCS — ofters features to main- 

tain source code of very large and complex 395 

projects that may involve multiple programmers. $ 

Network PVCS — extends Corporate PVCS 

to use on networks. File locking and security 

levels can be tailored for each project. Call 


(503) 645-1150 for pricing on licenses for more 

than 5 stations. $995 
VAX PVCS — Cail for pricing 

Requires DOS 2.0 or higher. Compatible with the IBM PC, XT, 

AT and other MS-DOS PC's. Works with any language. 

TO ORDER: VISA/MC 1-800-547-4000. 
Dept. CPD Oregon and outside US call (503) 645-1150. 
Send checks, PO's to: POLYTRON Corporation, 
1700 NW 167th Place, Dept. CPD, Beaverton, OR 97006. 


CIRCLE NO. 230 


ELECTRONICS TOOLS AND 
TEST EQUIPMENT 

Color illustrated 210-page catalog from 
Specialized Products Company details an ex- 
tensive selection of electronic tool kits, test 
equipment, telecommunications equipment 
and electronic production aids. Indexed cata- 
log shows digital multimeters, breakout 
boxes, hand tools, soldering equipment and 
more—all with specifications and prices. 
Specialized Products Co., 2117 W. Walnut Hill 
Ln., Irving, TX 75038. Phone (800) 527-5018. 


SPECIALIZED PRODUCTS CO. 
CIRCLE NO. 233 


PROFESSIONAL OPPORTUNITIES 


CIRCULATION 100,000 + 


Target your recruitment message to system design engineers — 


with no waste circulation. 


If you need engineers and engineering managers who are skilled in the design of 
computer or microprocessor systems, COMPUTER DESIGN should be the number one 
choice for your recruitment advertising. 


Published Twice Monthly — Closing Dates Every Two Weeks 
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ST BITS LAST BITS LAST BITS LAST BITS LAST Bi 


Joint venture targets 
military smart power 
Teledyne Semiconductor (Mountain 
View, CA) and Omnirel (Leominster, 
MA) have entered an agreement to 
jointly develop and market CMOS 
smart-power devices for the mili- 
tary. Under the agreement, both 
companies will develop products in- 
corporating Omnirel’s proprietary 
high-density military power pack- 
ages and discrete power MOSFETs 
with Teledyne’s CMOS ICs, MOSFET 
drivers and switch-mode power-sup- 
ply controllers. The initial product 
will combine CMOS logic and power 
MOSFETs ina single package for 
switching power-supply and motor- 
control applications. 


Partnership ports 
ASIC tools to workstations 


An agreement between Micro Lin- 
ear (San Jose, CA) and Viewlogic 
Systems (Marlboro, MA) will let the 
companies offer Micro Linear’s ana- 
log application-specific IC design 
library as an integrated part of the 
Viewlogic workstation system. The 
library, which consists of symbols, 
subcircuits, component models and 
worst-case design-verification utili- 
ties, will be ported to the Workview 
stations for use on IBM PCs and 
DEC VAX systems. 


Superworkstation 
developers choose Sparc 


The increasingly popular Scalable 
Processor Architecture (Sparc) 
reduced-instruction-set computer 
engine will soon show up in super- 
workstations from a couple of ven- 
dors. Metaflow Technologies (Van- 
couver, BC, Canada) has licensed 
the processor from Sun Microsystems 
(Mountain View, CA), and will 
manufacture it in an advanced ECL 
process as the foundation for its own 
future supercomputing-class sys- 
tems. Metaflow’s Sparc-based sys- 
tems, performing in the range of 100 


L 


Mips and 100 MF lops, will debut in 
the second quarter of 1989. 

Solbourne Computer (Longmont, 
CO) will also license the Spare and 
will design a 64-bit ultra-LSI im- 
plementation of the processor for its 
planned superworkstation. The Sol- 
bourne implementation will inte- 
grate a floating-point processor, 
memory-management unit and 
cache memory with the Spare CPU 
on a single chip. 


Pact signed 
to produce EPLDs 


A seven-year technology exchange 
and supply arrangement between 
Altera (Santa Clara, CA) and Texas 
Instruments (Dallas, TX) targets 
high-density erasable programma- 
ble logic devices. Under the terms of 
the agreement, Altera will provide 
architecture, circuit design and soft- 
ware technology, while TI will sup- 
ply worldwide manufacturing 
capabilities and its high-voltage, 
enhanced-performance, implanted 
CMOS process. 


Genrad endorses 
VXibus standard 


A major test systems vendor is join- 
ing the VXIbus consortium. Genrad 
(Concord, MA), an active member of 
the IEEE-P1155 working group, has 
officially announced its support for 
the VXIbus standard by joining the 
consortium. An enhanced version of 
the VMEbus, VXI is specifically tai- 
lored for instrument applications. 
The bus will ensure compatibility 
between modular instrumentation 
products and let them interact on 
the same chassis. 


Allegro CL selected 


for MIPS RISC processor 


Franz (Berkeley, CA) has signed a 
contract with Synthesis Software 
Solutions (Sunnyvale, CA) to port 
its Allegro Common Lisp to the 

reduced-instruction-set computer 


from MIPS Computer Systems 
(Sunnyvale, CA). Common Lisp is a 
Lisp dialect combining features 
necessary for symbolic processing 
with features for traditional com- 
puting. All MIPS RISC-based com- 
puter manufacturers will have the 
opportunity to offer Allegro CL on 
their products on either an OEM ba- 
sis or as a software product sold and 
supported by Franz. 


IC vendors to share DSP, 
controller technologies 


A five-year agreement between 
Harris Semiconductor (Melbourne, 
FL) and Zoran (Santa Clara, CA) 
will help each vendor develop digi- 
tal signal processing and real-time 
control products. Under the agree- 
ment, Zoran will second source Har- 
ris’ RTX 2000 16-bit microcontroller, 
while Harris will second source Zo- 
ran’s digital signal and vector sig- 
nal processors. Harris will also 
function asa foundry resource for 
Zoran in support of its commercial 
and military-qualified products. In 
return, Zoran will gain CAD tech- 
nology and equipment for future 
joint product-design activities. 


EDA vendor to use new 
Apollo workstations 


Look for the Idea series of electronic 
design automation systems from 
Mentor Graphics (Beaverton, OR) to 
soon include the Series 3500 and 
4500 personal workstations from 
Apollo Computer (Chelmsford, MA). 
The two platforms will deliver per- 
formance enhancements over previ- 
ous Mentor Graphics systems built 
around the older Apollo 4000 series. 
The 7-Mips 4500 and the 4-Mips 
3500 use Motorola’s 68030 processor 
and are available with enhanced 
color graphics capabilities. 
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But it’s one 
the system, or you can turn to the ba 
Ethernet network analyzers on the market. 
Before your day gets any worse, call Excelan 
" and find out about the LANalyzer EX 5000 
Series. We'll give you the details, and, for a 
~ limited time, a free poster version of this ad. 


ex<CELAN 2180 Fortune Drive San Jose, California 95131 800-2-GET-LAN FAX 408-434-2310 Telex 176610 
Excelan Europe, Ltd. Intec 2, Suite 17, Wade Road Basingstoke, Hampshire, RG24 ONE England, UK 


Tel: (44) 256-842296 FAX (44) 256-842298 
Excelan and LANalyzer are registered trademarks of Excelan, Inc. Copyright © Excelan, Inc., 1988, All rights reserved. 
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FOR SMO 


To assure system designers and 

integrators of smooth sailing in 

the technologically advanced 

VME marketplace, Emulex 

has more of what’s needed 

most. More designed-in 

quality . . . more VLSI 

expertise . . . more manufactured-in 

reliability . .. more OEM support . . . a more 

dependable supply source. More of everything 
_ that’s important. 

And our “MORE” philosophy applies to every 

member of ournew family of products for: 

the VMEbus. 

Introducing: 

* VTOl — a 9-track Pertec tape formatter con- 

trolling up to eight 1/2-inch tape drives. Tape 

densities can.range from 800 to 6250bpi, tape 

speeds to 200ips. 

* VM21 — a disk controller that can handle four 

ESDI disk drives with the highest transfer rates 

available — up to 20Mbps. 

¢ VM31 — a disk controller for four SMD-E disk 


drives with transfer rates up to 3.0MB/sec and no 


penalty on performance. 


* VS0O2 — a communications controller designed 
around a proprietary I/O processor that can 


EMULEX ALREADY HAS 
THE ONE THING 
VME SYSTEMS NEED 


handle 16 asynchronous lines 
at 38.4Kbps simultaneously. 


* VHO! —a SCSI host adapter 
based upon Emulex’s own SCSI 
processor chip.that supports 
synchronous transfer rates of. 
4.8MB/sec and asynchron- 
ous rates of 3.0MB/sec. 


Let Emulex be more than your OEM 
supplier ..... think of us as your OEM 
~.-partner. That means you can count on us for 
~ product quality and reliability, and for stability, 
capability and integrity. From initial design to™ 
final audit, Emulex is-dedicated to meeting your 
needs .......and MORE. = 


Call toll-free (800) EMULEX-3, 
(714) 662-5600 in California. 
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| want to know MORE about VME products. 


Company: 
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